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#^ 1 1-05532 i 

mm^^ mmm 

i^mcD^m} ^-^-tjvv y^^-^^ 

[M#:^2] K-^-^jvV y<DN^m<D 1 :&V>L 3 OM®r ^ J^B&Hi^^^l^ 

it-kjvv y^^^^^t^it'tcDma 

;i/ y > S: ^^-tit b S 3 h S: #^ i: -r 1 ^ 4 ^ - ^ 

iM^me] m^mi^r^it4:mm<D<-^-^jvvy^^^^^t:iit^(Dm.^^ 

[0 0 0 1] 
[0 0 0 2] 

^—^"^/VVy (Betacellulin : B TC) it. x''i7XBTC-3 4y:^VJ 

1 mUn^ 1 1-3094740 
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m. 1604M. 19934^) c v':7;^BTCtt, t.^ 1 ^ 7 T ^ J m^mfj^ ^f^^f^ 

^?^«®^B^^^^^3&U^^$nSc 75^5§g (N^) 3 0 r ^ y e> 

(cm) (Jy^Or^Jmnmti^hiS^^mmt. ±&m^m^ (Epiderma 
1 Growth Factor : EGF) :7 y $ U >7t-KT'^#S tlT V^S 6 

7 8 9 4#^#;&i:•^CiBa$tlTV^-2>„ 

mmtj:E\zn-t^mm^mm^^mL>x^^^^{^^:3iy:7. 2^m. i604m. 1993 

^ (if P-^—rjV :t:f A'i:^Ui^itjJV ^^TshV- 269#, 9966K. 1994^ 
i/a> 190#. 1173M. 1993^) ii}m^^nX\^^. :r.tl^<Df^mit. BTCi)^ 
[0 0 0 3] 

mm^^imm'r^mii^W'D:itt)m^^nx\^^^. =yv vmmmmmM^^ 

<^#lffjBai*A R 4 2 J ©if:/^ n - A R 4 2 J - B 2 0 *5j«li, o:^ y U 

V ^ V:^XlV- 266#. G963M. 1994^) „ ^1 CD^Bflg T ^ ^ tf 
>A#^ETT'BTCS:^AnLT$&«i-Si:. >^ 'J ^M^MISJCi^-fb-r-S (^:^' 
:t>^ i^yn:^;v >f 5^ -r>!f-r a >975^, 1647M. 1996^^) „ 

2 ffilE#5p 1 1-3094740 



11-05532, 

i 

^KD-S^^tmmmmt. [Ht^i^^^EGFfeSVAliTransforming Growth Factor- 
a (TG F - a) T'tt^i?)e>n^VAZli:*>ej. ^- ^ "fe;!/ U > l±, E G F U-fe 

(1998^H2|s:j8|M;^^# ^MM©*, 125) „ 
[0 0 04] 

[0 0 0 5] 

8 Or^>'^5^S(Z)^B#:2ll^^®3T3lC^-rSDNA-^|^ 

^#?si4fej:uf:$>^bm#M'f4$:^i-c5^5 or^ jmmmmi^^ (BTC 5 O) 

(if :f:f J'^'<:tUP:fy/l >?r^>?.hV- 269^, 9966H, 1994^) 

3 ffiiE4t5{l 1 1-3094740 



^ 1 1-055326 

[0 0 0 6] 

(2) ^-^ir;i/U >(Z)N5R3g® 1 ;&v>L3 0M<5Dr ^ y ^j^S^'^^X^bfetufSB 

(3) ii^m-^n^r ^ jmrnn-km-t^m^ d) fa^®^-^-fe 

(4) I2^J## : 2-e^$nST^ y^iB3«J$:;t-r-5'^-^'fe;i/ll 

(5) Itfia (1) ^^li (4) aB^®/<-^-fe;i/y K-r-SDN 
;i/U>^^^-7-$:^j^i±L«?)S:iii$:#^i:-r-&tfflB (i) (4) SH^o 

(6) ItfIB (1) t,t=.\-t (4) fa^^^-^-fe;!/!; ^gfe^rS-^^-^T^li-e^J^^:-^ 

(7) mmmm.mf>mmm=i^m ' ^mm-x^^mm (6) sb^^^^^^icbb-t 

[0 0 0 7] 

r/<->J?^;i.u>BJc^^^j {j, B T C^g'ffi?:^^* L ^ EGF 

4 mSEi^^ 11-3094740 
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r^-^±)VVy^m^^} <D r/<-^-fe;i,i; >j Sasadae, ; A 

Biochem. Biophys. Res. Commun.) , 190#, 1173M, 1993^1C|H®<5D. Asp Gly 
Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp Pro Glu Glu 
Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe Ser Arg Cys 
Pro Lys Gin Tyr Lys His Tyr Cys He Lys Gly Arg Cys Arg Phe Val Val Ala 
Glu Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr He Gly Ala Arg Cys Glu 
Arg Val Asp Leu Phe Tyr (@B^J## : 3) Xm^tl^r ^ WlM^^i^^-t 

mmm rKjm r)\^^-y. ^)vy. \^7.^vyis^E^ , ^nm^^ 
o (^14) r^jm (M> T^^A-^^^^, if)\^9^ym-^^i^) fjttff}^$>},f^ti 

[0 0 0 8] 

5 ftJliEi^ip 1 1-3094740 



/ 1 1—055326 

>j tLxit. r^t^ii: (1) ±mmmm^: sx-m-^n^r^ jmm^^j^m^ 
ssKU'^^f^K, (2) N^t^(Ditj(t\/^L3 om(Dr^Jm^Mi)^^^l^r=.^- 
JCtt. (1) ^-^±?VVy(DN^^m<Dltji\\}^3 om<D7^ jm^^itfi 
^^L-^=h<Ds (2) ^-^Jf -fe^l/U ><Z)N5^^fl!l® 1 ^V^L 3 OMODT^ y^^^ 

[0 0 0 9] 

i:<, C7^3|g*^e>m2 2«:@®T^ ("t^;*?-^, gH^J## : 3T-^$tl 

-ST^ y^Bg^J®N5^3g*Ne>m5 8#g®T^ y^^S : Gin) i:||2 3#e<Z) 

tir^^-^iz)vvy^m-^^i it. ^~-$t-kAyVy(DN^m<oi:^\^h3 om<D 

T ^ y m^S® if® fP^S-CD r ^ y ^j&t^^ L T VA T =fe; J: C e> ^ 2 2 # 

(1) Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp 
Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe 
Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys Gly Arg Cys Arg Phe 
Val Val Ala Glu Gin Asn Pro Ser Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr 
He Gly Ala Arg Cys Glu Arg Val Asp Leu Phe Tyr (gB^J#-^ : 4) 

(2) ^-^•k;l/U>(^)N5^3g:^)^e> 1 Jfev%b3 o#g*T'®T^ y^j^S (Asp g 

ly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp Pro Glu G 
lu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys) }<>^^^ L/T V^T, fJ^-D 

6 mil#^ 1 1-3094740 
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^^L5m<Dr^ jmmmi)mA-^nr=.<-^'tAv>^^'^^. m^it. Arg l 

ys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys Gly A 
rg Cys Arg Phe Val Val Ala Glu Gin Asn Pro Ser Thr Pro Ser Cys Val Cys A 
sp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp Leu Phe Tyr (iB3?t|§ 

[0 0 10] 

^-^•fe;i/i; >BSr^^^^ii, MS. c^niS^i^y\^ifs^^^}\^m (-cooh) ^tz. 

li:*;i/^^r^>l^- h (-COO") H^^iS^^ C5^3g*^T^ K (-CONHg) * 
(-COOR) T?feoT=bJ:V>„ 

n ;v ;f =^ ^ ^ ;i/ S ^ if if 4x s o 

^Mm (m. ^m. vym. MitT^mm. mmm) hcd^. mmm mm. 

7 ffilE4f ^ 1 1-3094740 
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[0011] 

t. t^it^'i&(DK- ^-^jiv y^^^^-kzi - K-r s D N A -^^m^^j^^mMii^ 

$:^«-r s ^>5; ^tc J: *; $g^g-r s r i: *^ T' ^ & „ 

®M. Bodanszky fe j;^^ M.A. Ondetti, ^^/"^ K i/>-feSyx (Peptide Synthes 
is), Interscience Publishers, New York (1966^) 

(DSchroeder feJ:tJf Luebke, -tf F (The Peptide), Academic Press, Ne 

w York (1965^) 

®MMm^m. ]^^^(Dmmiim^. %nm) (1975^) 

®^mmm is^xfmm^^. ^it^mmmm u ^yA^wcojtmy. 205, ( 

1977^) 

®^mmmmm. mmm^om^ mim k^^^ itijmm 

•5. 

[0 0 12] 

jvmm. t K n ^jvmm. ^ > x t k u ;i/t ^ ymm. r ^ y ^ ^;i/^fli 

8 ffi|iE#5}l 1 1-3094740 
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mm. ^VT^vjvr^Y^mm. 4- (2* , 4' h^i/7ai::i;b-t: k 

□ yjiJ^iymm. 4- (2' , 4' -i^:^ h^tyyai-JV-Fm 

So mm^Mnhxiit. ^ Fm (m> dcc, n ,n' -p>fv^uif 

^ ^fcftlM^ill^Rl (M, HOBt. HOOB t:^ if) iB J: XJ^Um^tltdT^ J 
mM:^im. HOB t :i:x-7^;i/^fcliHOOB t mmizMLX 

M$4^#S^fc;<>^^p>tlTv^s^HA^bJgM^$4^, am*?;- 2 0 -C- 5 0 *C 

9 11-3094740 
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[0 0 13] 

5^ni/>®>'acy-;i/'|4:?K^«®^MSfcLTttv JfH^li, Bzl, Clg- 

Bzl. 2 -n hD/<>i/Vl/^, Br-z. ^ - iz-v U j^j'^^lf 

t>^.^-:>^>®-f ^tjry-;i/®^^Si:bTli, Tos, 4-^h:3^i/-2, 3 

. 6 - h U >x;i/7f?n;i/g, DNP, B 
urn, Boc, Trt, F mo ctj^Efi^m-f^n^o 

10 mUm^ 11-3 094740 
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7i<.m. rP\^. [t;i/=i-;i/ (t:Lt^\,S. ^y9!7uuyaLj -Ay 

. 2, 4, 5- Mi^nn73:>^-;K 2, A-iP—Vu-y^j-ji^ %/y J 
^;1/T;H3-;k h □ :7a: y honb. N-t: Kn=^re/X^^ S/^ K 

. N-n Kn:^$/:7^;i/>r ^ HOBt) ^®xx7=-;i/] J&^*;b'?#lf e>ti-S„ 

[0 0 14] 

i$f^i^y-;i/, /i^i^uy-;K e;>';>i^>n/x;i/>'-f K, i, 4 -y^5? 

;K 1, 2-ai^>^:;^:r-;i/;&if<D5i75^:r>fSieM$:^AnLT*<l:V>„ ^fc, 

i: LTMv>p>ti<5i^;i/^;i/Sli. ±fa© 1, 2 -x^f >s^'^:r-;K i, 4-:/ 

[0 0 15] 

1 1 mil#^ 11-3094740 
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[0 0 16] 

^mcDr^jm^mtfmx-^ntzL^-'H'kjvvy^^^^^ (2) mm^^: 2 

-^^f S D N AT&tl^iV^J{)^^-5 %® -e^o T =fo <fc 

S t> ® T S> tl If V ^ ^ S =fe CD S> o T =b i: V>o 

<kU=^#WlCli, (1) iB^J#-^: 5^;V^b@B^J#-^ : 7 T'^$ tlS*^«@e3^J 
Sr^-rSDNASr-^^t-tSDNA. (2) :^ h V yp aiy htS:^^TX±m (1) 
l?^^$tlfeIB3«Jh7N-f ^r-f Xt-<5DNA, (3) KCD*gfiCiDfc«) 

±m (1) ^.ktJf (2) ^c:^«?)e>tlTv^s@B^J^:/^>f -/ K?^^L5&vn;()^. I^— 

m:^h V yi^aiy h^jt^^tl^X it. Mx-lt, 4 2 5 O %*;;i/AT^ 4 
XSSPE (1XSSPE=1 5 OmM NaCl, 10mMNaH2PO4- 
HgO, ImMEDTA pH7.4), 5X^y/\-hmm. 0. 1 % S D S 

1 2 mitE#^ 1 1-3094740 
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[0 0 17] 

^^3?-i:bTl±, K (M. pBR3 2 2, pBRS 

25, PUC12. pUClS), ^Mmm^CDzf^:^^ K (M> pUB 1 1 0 
, pTP5, PC194), m-^m^Zf^T.^ K (M. P SH 1 9, p SH 1 5 

b T ji >^ □ ^ - ^ - ~e ^ tl { i V ^ *^ ;& S =fe> ® T? =b J: V > „ 
[0 0 18] 

f^K^^-t^^(Dm±timmmmx':^^m^izit, sv4 o^jt^^^^n^-^ 

, T 7 :;/"n^-t5f-. lac^D^-^5f-, r e c A:;^o ^- ^ X P^^^n 

1 p p:/n^-^-^if;&t, ^i^jbVt^;i/>?.M®i?fe-g>^-^tt. SP 
oi>^n^-^?~, S PO 2 :;/'n^-^? ~, p e n P >^o^-^f-;&i:\ i^^jjjt 
^«T'^s^-^tt, PHO 5 :;/"n^-^-. PGK>^n^-^-, GAP^n^ 
ADHi>^n^-^-, GALyn^-3?-^i:**W* bVA. lt^*^S 

, jKU A'f^fi^i>^^:^;K j^^i-^r-:;!?-, s V4 o^jg:r u (jeAT> sv4 0 

1 3 ffilE#^ 11-3094740 
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f'5^-&*'!fes) c^vhi^^-fe-h (MTx) mm > ryt:iyvym 
i^^T, N e o tmm-t^m^f}^$>^. G4 1 sMi^) ^A^^jf mz. c 

HO (d h f r") IIHJBS^MV>TDHFR3«^^$:^^V-;!7-i:LT^m-rS 

)\^mn. (x ->(y^~-7:r.uy'i/ ^±)\^mn. tfc^^^ • y ^•rjvmm^j: if*^ 

[0 0 19] 

oii/ai U tlTMSi: LTli, U H T • 13 U (Escherichia col i) 

Ki 2 • DHi i':fuy-iyy^x ' nrzr ' if - -ry^-rjKj- n^^x - - -^zr 

• i:^>ral>^>rX • • if • :i-nixaQ- (Proc. Natl. Acad. Sci. USA 
), 60^, 160(1968)], JM 1 0 3 [5? ^J' ^ *y • T X • U if 
(Nucleic Acids Research) , 9 5^, 309(1981)], JA221 [ 
• -^-^ ' ^\/isr:n.=y^ ' A>{it[-UV— (Journal of Molecular Biolo 
gy) ] , 12 0^, 517(1978)], HBlOl (i^^-^;!/ • ilr-f - ^1/ 
^=i.=y- ' n>{:^uV-, 41 45 9 (1969)], C600 [i^ai^T^-f 
V ^7. (Genetics) , 39^, 440(1954)], MM 2 9 4 i-zTuy-Vy 

1 4 mitE#^ 11-3094740 
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(Proc. Natl. Acad, Sci. USA), 73 #, 4174(1976 

LTli, • if^;i/X (Bacillus subtil is) M 

1114 IV-y, 24^, 25 5 (1983)3, 207-21 ii^^r-±JV' 
:t':f ' A'^:t''r^:7.hV— (Journal of Biochemistry) , 95^, 87(198 
4)] J&^*^MV>P,n-5o 

^«^bTtt, Mx.liif*y:^nv^^-feX ir l^l^i/X (Saccharomyces cere 
visiae) AH22, AH22R", NA87-11A, DKD-5D, 20 B- 

Nature), 315^, 592(1985)] „ 

^Wi^tmM (Spodoptera frugiperda cell ; S f HffflS) , Trichoplusia niCDcfi 
m&^<DMGimM. Trichoplusia niODlPfijfeCDHigh Five'^^lg, Mamestra b 
rassicaeft5j^(Z)|H|}g^;tliEstigmena acreaffi5|5CD^I5Jia3&i:*3(>^MV^e>t^'5„ 
;i/::^*^BinNPV©#-a-l±, mm^mitmm (Bombyx morl N; BmNMilS) 
if*^ffiV^e>tl€>„ f m^LTli. Mx-li. S f QmS^ (ATCC CRL1711) , 

S f 2 imm CJe^Jt, Vaughn, J.L. • hU (in Vitro) , 13#, 21 

3-217K (1977^) ] ^^**«MV^f,4^S„ 
M^MS^HlyXii. fchx.liif;i/CO S - 7IIBJBS, Vero^HBg, ^•V-fr.-X 

(d h f r~CHO*|IIJ8g) , '^^T.Lmm. Vt>>5.3 T3$Hjaa. -^^^^^LU- 
-^mm. hHEK2 9 SjfflJi^, thFLM, 2 9 3 «Hjgg. C12 7^fflJgS, B 
A L B 3 T 3 aiJBfe. S p - 2/0«HJBS;&if*^MVNe>tlSo 
[0 0 2 0] 

• -^^/3-t-;i/ • T:*-7^^ - • • if^n:>e;?^X • ^e-:;^ • if • rL-a:>^.3i- ( 
Proc. Natl. Acad. Sci. USA) , 69#, 2110M, 1972^, i^-y (Gene) , 1 

1 5 ffilE#^ 11-3094740 
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;i/ • i/x^-T-'f (Molecular & General Genetics) , 168 #, 111( 

' riJ'r^ - ' -tf>r3i>e/>f X • ::r>^- if • n-oixa:- (Proc. Natl. 

Acad. Sci. USA) , 75#, 1929M, 1978^lCfB«<Z):&^{C«eo T^?A.« J: 

o/Technology) ,6^, 47-55K, 1988^:& if {C|a«® ^^{ce^go TfTX.li J: V^o 

»i^^5aS:?^^i^m-rS{C{i. 7ti:;^li»if>f nns;- (virology) , 52#, 45 
6M, 1973^{Cga^®:&^{C«!oTfT^liJ:Vx„ 

nm^^ 9-(omM^<DmK-JimiiVX\t. m^\t. U7K:7ai^e/a>^ CFe 
Igner, P.L. et rfU^-i/l/^X - jf::/ • if • :^S/a■:^;I/ • T?tj7=$- • 

- if >f • • if • rL-a:x:i:- (Proceedings of the Natinal 

Academy of Sciences of the United States of America) , 84#, 7413M, 19 
87^] , U CGraham, F, L. and van der Eb, A. Z.^>(UU 

(Virology) , 52#, 456-467K. 1973^] , «^^?L^ [Nuemann, E. et 
al. X-yii^' (EMBO J.) , 1#, 841-845M, 1982^] ^*^#lfe>tl 

[0 0 2 1] 

1 6 miiE#^ 1 1-3094740 
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[0 0 2 2] 

izmm^^n^mmtLx itm.^mmt>m ^ t- & y , ^ © if ic itmrnnm^i^iCD^ 
Wiz^^^m^jtmmm. mmm. ^M<^^i^^^mi±hS)^^ ^mmthxit. r=.t. 

^^ti^:^iy:^v\^rmmx:^^mMmmi^^mmtsmm}iLxii. m^it^ 

jm^^t}M9mi& C^^- (Miller) , i^^ - yf^ - 
:^^:^^V :f^yy ' ^y ' ^U^zr^- ' t^ai^^^ (journal of Exper 

iments in Molecular Genetics) , 431-433, Cold Spring Harbor Laboratory, 
New York 1972] *W*bV^„ 3 CI IC/^MJC j: y >^n ^ - ^5? - J: < ||&;5,>idr 

-5fei?)ic, fci:x.ii3 /3 — (y]^vjvr^ V j\^m(D2:^t3tmm^m^xij^^K 
m^#iiji^*?ji 5-4 sr. ms^2 4m^m\ S'miz^v. m^^mw^ 

m^i)^A^jv:>.mmx$>^mM^mi^^^m-t^m^. ^mitm^ms 0-4 
'^^timmx^^j^mmmi^i^mm-t^^. mmtLxu. r^t^^iJ^-'^^^ 

— JV'St— (Burkholder) M^h^^ [Bostian, K. L. e>> r:/n • 

1 7 mUn^ 1 1-3094740 
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:^zf ' if • -f-i/s-f-Jl ' r:*-^^- • ^tzf • ^ly ty^ X - • if • =L-m 

(Pr c. Natl. Acad. Sci. USA) . 775^. 4505M, 1980^] , 0.5%:jt7 
if^ SD^:^ CBitter, G. A. ^ZfUiz-iyy^'X-TtzT' 

if • -f-tys-f-JV • T:*7^$- • :tzf • if^x^tz-f X • Ti-zf • if • jx-xxx- 

(Proc. Natl. Acad. Sci. USA) , 81#, 5330M, 1984^] j^^^ptf e>tl-2>o 
® P Htt$«j5~8}C^Mt--5CDj&W* LV^„ 2 0 3 5X:X'm2 

^±*^Mm#IHIS-e$)S?^^«g|^S:^#-r§|^> mmULXit. Grace's Inse 
ct Mediuffl (Grace, T.C.C. , :^ ^ ^ ^ - (Nature) ,195#,788M, 1962^) lC# 

pHltme. 2 — 6. 4 lCi®^-rS®}<)W* bV^o ;^#liM^^2 7rT3i?J3~ 
5HmTV^. ig^MJCi;5DTjl^^^^S:}&nX-So 
[0 0 2 3] 

~2 0%(Z)Ji&Jr%4^jfil^f $!-^tfMEM^% Cif-fx>X (Seience) , 122#, 501 
M, 1952^3 , DMEM^m C^^-rnn^- (virology) , 8^, 396M. 1959^ 
]. RPMI 1 6 4 o^;N!i Ct^>-^;i/ • if • U:*r> • ^-T^^f ;tj;i/ 

• TVi/X— i/a> (The Jounal of the American Medical Association) 199 

519M, 1967^] . 19 9^:% C:;^n ^jf • • if • v if x^^ >f 

• :7:^~ • if • 7i^:tUiy:^;V ' i^'f A:^::^ (proceeding of the Society for 
the Biological Medicine) , 73#, 1 H, 1950^] ^ V> e^nSo P Htt 
*56~8-e$,S(Z)*W* bV^„ ^m-m.%mZ Ot:~4 OX.Xmi 5-6 O^K 
^f^^. 'JUi-mz.^'CX^^^^W^^lBX^. 

#lCCHO (d h f r") HBJiS^3J:yfd h f v^i^BFi'^WR^-ii'-iL LTM 

[0 0 2 4] 

1 8 mfiE#^ 1 1-3094740 
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-100 i^mmUo ur. TMi:«is&>r€>3i:*>feSo ) ^i:*®#®?Si±)|riA^ 

MJ:/t/>, ^^hy:;^s/>. T;i/^-;i/x> K^:;''^^5r--^, ^D7^>f 
^i^tie^-^-fe;i/y 1 0 - 1 9 1 9 8 

1 9 miiE#^ 1 1-3094740 
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#iDLfc^-^-fe;i/u >A7^^>$r#i§ipi 0-19198 9 ■^^m^izmm<D 

[0 0 2 5] 

*^^(Z)^-^-fe;i/U >B5c^4)-^*;tli^CD|g, J3J;tJf:$:#g^©^-^-fe;i/U 
*l6^®^-^f-fe;i/y >4ii^'$^^^t^i^^<Dm.. i5^n:^mm<DK--$tiE;vv 

fe^H®^^ e> ti s cfc e) -r s t) (3D T'fe s „ 

[0 0 2 6] 

2 0 mfflE#^ 1 1-3094740 



#^ 1 1—05532 



if) rj:Eij'^:^\.f^n. mmtj^mmm^M. t=.t:^itrjvzi'-jv (fc^x-^^i^y 
, ^i;t;i/3-;i/ (fei:;tiiyD tri/>ij^u n-;K :;j<uai^ u>^u n 
, 4¥^yt>ii^mm^MXt^t:^lt:ii<VVJV^-h8 0 (tm) . HCO 

-5 0) tjiifumrnvx^^v^^ m^mnhxitzi'^m. ^M^s^if*^&jf ^ti 
n^(om^> — mmizm Acorn mm (^me ok suvx) izMv. -Bm 

t::.''J<Dm^^^ (m. BTCaJc^^^) S:}^ 0 . 1 ~ 1 0 0 m g , b < lii^J 

1. 0 — 5 Omg, <fc y^?* b<li3i&l. 0 — 2 Omg-efeSc 4¥mt^mizn¥ 

) iZMh, —BlZ-D^mo. 0 1 — 3 0 mg, if ^ L/< tt^O. l'-20mg, 

2 1 ffilEiRF^jZ^ 1 1-3094740 



1 1-055326 



J;y0^b<li^O. 1-1 0mgS:^lllR^J|^^CJ;^;S-^•t'5®*W*bV^„ ffi 
[0 0 2 7] 

UPAC— lUB Commission on Biochemical Nomenclature iZ^^VH^^t.^ 



DNA 
c DNA 

A 

T 

G 

C 

E DT A 
APMS F 



S D S 
T F A 
G 1 y 
Ala 
V a 1 
Leu 
lie 
S e r 
Th r 
C y s 
Met 
G 1 u 



/iu y 
u>(i/y 

>r y □ ^ ^ > 

i/:^^>(y 
:f.^^-y 

^jv^^ym 



2 2 



ffiliE#¥ 11-3094740 
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Asp 




L y s 


: u 


At g 




His 


: \i:^^i^y 


P h e 




T y r 


: "f-uyy 


± J. y 


• k 11 — /* k *-7 

• r *J ^ r y r ^ 


Pro 


: :;^D y > 


A s n 




Gin 




NMP 





[0 0 2 8] 



Me 
E t 
B u 
P h 
TC 
Bom 
P AM 
T o s 
HON B 

B z 1 
Z 

B r - Z 
C 1 -Z 
Bog 



^r\/VPy-4: (R) -:j!j;i/3jf:3p-9-^ 

oi T -fe h T ^ K ^ 5^ ;i/ 
p — h X > ;i/ :7 - ;i/ 

N-t Fn:^re/- 5 2, 3 

y =^ ;fj - 

2--^u'^^y^:^;v^^i/i!};V7i^—^vm 
2~i/uj]yKypjV:^:irtyitj ;v:^=.jvm 



2 3 



miE#^ 11-3094740 
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HOB t 



1 - fc ]^U^i/KyXhVrV'-?]^ 



DCC 



N, N' -iyty^U^^iy;Vij)V:i<i^^ ^ \^ 



T F A 



F m o c 



DN P 



Bum 



T r t 



[0 0 2 9] 

:*:^^®'<-^-fe;i/U >BJ(^4)-^ (BTC31 - 58, Asn, Pro, Ser, 59 - 80 

mmm^ : 2 d 

:^^m(D^-iCkJ]/V (Asn, Ser, Asp, Ser, Glu, BTC38 - 80 

) (Dr ^ jmmm^m-to 
mmm^ : 3 ] 

:^^m(D^-^-^;VV y^W^-^^ (BTCl - 58, Asn, Pro, Ser, 59 - 80) 

imm^^ : 5] 
mmm^ : e ] 

- c DN A®igSI2^iJ$:^-rc 



2 4 
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[SB^J## : 8 ] 

m^m-B : 9 } 

C@B3»J## : 1 0 ] 

^j^CDllJfeM 1 T'ffl V^ e>tl7^y^>r y'- P E T - 1 CQJ^SgB^J^ra^-To 

caa^j#-^ : 1 1 ] 
im^m^ : 1 2] 

C@B3«J#-^ : 1 3 ] 

^j^CD^JfeM 1 T'ffl ^ tlfc >^^-r B T C - 3 (Z)i^aB2^lI$:a^t-. 
CiB3«J## : 1 4 ] 

^^^©IlifeM 2 T'M V^ e> tlTt -r V- B T C - 7 ©i^aie^rj Sr^fc 
CiB^J## : 1 5 ] 

^^®^i^^M3T'Mv>bti:fe:/^-rv-R I - 1 <D^mmm^^-to 
Xm^m^ : 1 6] 

m^m^ : 1 7 ] 

^i^®MMM3T'MVN^nfe>^^-rv-R I - 1 C 1 aCDi^»IB3^JS:3^t-o 
CSB^J#-^ : 1 8] 

^3i*®I^I^M3 T'^V^e>tlfcy^■^-fV-R I - 3 Xh o<Dia»BB3?tIS:^t-c 
[0 0 3 0] 

^)^®##Mll?fl^V^e>nfe>'"^:^$ KpTB1516 Sr-^^f <SE s c h e 
richia coli MM 2 94 (DE3)/pLysS, pTB1516l* 

, mmmmm:r,m^m^^^jimnim^mm^m (n i b h) {c^^4^4 m 2 
1 0*^^^te##FE RM B p- 3 8 3 6 i: uT^ftsti, t-tcMmmA^m 

2 5 mU^^ 1 1-3094740 
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W^miC^^4^4;g 1 6 B}^)^e)SfE«■^I FO 15 2 8 2tLX^n-^nX 
[0 0 3 1] 

5 om&Mll h^-^ir;bU > (h B TC 5 0) |g3^y^X^ Kp TB 1 9 7 

6<Dmm 

SO^^MhBTC c DNAS:M^5^32>^:ey^>^>^ Kp TB 1 5 1 6 (#|| 
^6-8 7 8 9 4^^mmm ; Sft#-^F E RM B P - 3 8 3 6, Sft#-^ I 
FO 1 5 2 8 2) ^^yzfly-htLX. z/^>(^-BT-9 5 h : 5' -AG 
CATATGCGGAAAGGCCACTTCTCTAGGT - 3' fei:tJfB T 
-94h: 5' -CTGGATCCTAGTAAAACAAGTCAACTCT 
CT-3' $:MVNTPCR$:^f ofen h B T C® 5 0 J^SM® 5 ' mSggCISiR 
^^^=1 K>^i:0N d e I i^-r h 3'5^^{C^ihn F>feJ:rJfB amH I-9- 
-f h $:-^tl^4tff ALT^ P C RMfe$:N d e I JcO^B a mH T7 
:7T-i;®0 1 0:/n^-t5f-$:'^it-r-5B3^M:/^X^ Kp ET- 3 c (Nova 
gen) ®N d e I - B a mH I^fSlC DNA Ligation Kit Ver. 
2 (Takara) S:M V^TMa^Ji^^, h B T C 5 0 ©^3^^^^ ^ K P T B 1 9 7 6 
^i^mi^^o M*^i^;ec DNA(5Dig*gB^JttAB I^±<Z)DNAi/->?r>-b-- ( 
ABI377 DNA Sequencer) tC <fc y ?!|^ b o 

y^^X^ KpTB 1 9 7 6®^^(Z)«B&$: C01] IZm-t. 
[0 0 3 2] 

mmm i 

Cys3-Cys 4miZ^V^=LVy (Her) IC fijf^-T -5 3 J^^A'C^f A$ tl 
h B T C 5 0 A|§3^ ^ K P T B 1 9 8 5 <;D«^ 

pTB 1 9 7 6$:-x>:;/'l/~hi:bT. (1) 5 ' M^^^^'f V- P E T - 1 : 
5' - GAA ATAATTTTGTTTAACTTTAAGAAGGAG- 3' 
cfcUf 3'M>''^^V-B TC- 1 : 5* - AGG AGGGCGTCG AGGGGT 
TCTGCTCGGCCA- 3', (2) 5 ' {H!l:/^-r V- B T C - 2 : 5 ' - T 

2 6 mSE#^ 11-3 094740 
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GGCCGAGCAGAACCCCTCGACGCCCTCCT-3'j3J:tK3' 
Mt/^^V-B TC- 3 : 5' -TCTATGCGC ACCCGTTCTCGG 
AGCACTGTC- 3' $:fflVNT, ^n^tlP C R $:tTo feo 

mz (1) t (2) (DPCRM^tJDM-^ifeSrT^^^^U- hilLT, 5'-66I:;^^ 
>rv-BT- 9 5 h, 3* {|I::^^^V-BT- 9 4 hS:ffiV^TPCR$:^TV^. h 
BTC50®Cys3-Cys4 I^ICH e r (DM^i^CDST^ (A s n, P 
ro, Ser) ^mXLt^nnm^^A^n- \^-t ^DN Amji^ntco ZKDDN 
A|^;tS:N del J3J;tJtB a mH I X^mit^. p E T - 3 c©N d e I - B a m 

Himmzm^T^^^. ptb 1 9 s 5$:f^$gbfeo 

[0 0 3 3] 

^^Tmm^'^(Dmmzmm-t^±j&m-0:m^ cegf) ®5?^^-esmsti 

:thBTC 5 O^^^^Bmm^^y^^ FpTB 1 9 8 7 (Dmm 

p TB 1 9 7 6 1/- h i: LT, 5 ' M^^-i^x'- B T C - 7 : 5' - T 

ATACATATGAACAGCGACTCTGAGTGGCCCAAGC-3 
' ie^XJ^S' m':f^^^—BT- 9 4 h$:flgVATPCRS:^TV>, hBTC5 0C!)N 
*7^»5:ffi^-r'5EGF<Z)5a«lcemLit^^^^BS:3- K-t-SDNAWf 
;ir$:#feo Cl^DN A»T>t ?:N d e I ^J:lJfB a mH I -em^fc^, pET3c® 
N d e I - B a mH I gPfelCM^^ji*^, P TB 1 9 8 7 S:f^^L:feo 
[0 0 3 4] 

mmm3 

e>ti:t:/^x^ KpTB1976, ^^>^.^ Fp tb i 9 8 5i5JzV^-:f^y(.^ F 

PTB1987 S:, ^^M:^JIiKB L21 (DE3)/pLysS (Novag 
en) lC^AL:tc ^tl-?^©^®^J!fl^^<*:5: 1 0 0 ^ g/m 1 T>tr->'J > 
fc<fcOJl 0/tg/ml D^A7a:nzi-;i/S:-g-tf L B^^$:MV^T 3 7^7?^ 

2 7 ffiiiE4t^ 11-3094740 
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[0 0 3 5} 

hBTC50. ^^^^Ai3^Xf^^^^B<Dmm 

4 - 1 ) i^mmmAi^<Dmm 

4 0 0ml (Dm^^tf^h^^tc^Mi^^ 2 0 m 1 (Z) 1 0 mM Tr i s-HCl 
(pH8. 0), 10% sucrose, 10 mM E DT AtC^^bT, W 

|g?gt# (1 0 s e c, 3 0) 3^^i> (9 0 0 0 r p m, 15min, 4'C:B 
eckman) LTS^tfc|gS:m«):feo :^<Dm^^i^^ S MMV Ml^XmX^^ 

4-2) ^>A^<Z)SimJ3J:t)fU •7>i--;i/^-r>i?' 

4 - 1) •V^^nt^^Xi^^ 8m.l<D7M g u a n i d i n e - H C 1 , 0 
. I M T r i s -CH3COOH (p H 8. 0), 1 mM EDTAlC^^l, 

^#gbfe=^, 2 om^A(D 1 0 mM T r i s - CH3COOH (p H 8. 0 
) , 0. 5mM :7 3i:^;i/;i^;i/X;i/5jx-;i/:7;i/;r U K, l mM Kz/Xr^P 
>T'^|3|^bit„ (9 0 0 0 r p m, 15m i n, 2 5^0) GT^^#^$:BI^V^ 

fejt^fic, mitm^jv^^y^yko. 5mMic;Sis<}:e»ic^AnL, ^^a^e 1 6 ^ 

^#gbfcc rjJiJV^'e, m^L^ (9000rpm, 1 5mi n, 2 5*0 _b^tS:^j^ 
^MVXmt^^. 4:°CX5 OmU T r i s - C H3C O O H ( p H 5 . 5), 
1 mM E DTAlCjg^ (Spectra por: MWCO 1 , 0 0 0) b 
f-e M«f=g&> (9 0 0 0 r pm, 15m in, 4*C) Ji?SS:l^^-fe;i/n~::^ 

(Mi 11 ex GV. 0. 2 2 u m : M i 1 1 i p o r e ) T'^j© bT, 

4 - 3) ^>7N°^<Z)5|f$g 
U ^:«--;i/T'-<>yLfe<J? ^A^^ $:-^tf^?KS: 5 OmM i^^:^hU^7A (p 



2 8 



ffiSiE4t^ 1 1-3094740 
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H5. 5) T^Sg^fcL/^^>f:t>^g|HPLC:3fj^A (2 5 0 X4. 1mm I 
. d. , Synchrom CMS 0 0, Synchropak) IZti^Vt, 0 — 

mmm^^. o. i% hci, i% cH^cNX'^m^tvr^c^m^HPhc 

(150X4. 6 mm I. d. .Ultron 300 C^tChr 
omatopacking C e n t e t ) iZti^VjX . 1 - 4: 0 %<DCH^CN 

^bfeo a:^4>^Afc^a^B©JlX4«, 7 8. 7 M g^i:t)^l 0 3. 1 fi s 

4 - 4 ) ^? ^ (Z)MS^^ 
mmW^^(^nm.^^<D^mX. C^8'^*aHPLC:^j^A (15 0X4. 6mm 
i. d. , ODS120T, Tosoh) ^C*^^^T. 1 5 — 3 0 %©CH3C 

[0 0 3 6] 
t^^Mi 

3 T 3 HBBS m\^^r=.mmmmi&mm^(Dm& 

=^U^=L^'- • T> K • -fe;!/^- • A^fyitUi^-. 8^, 588M> 1988^lC|a^ 
(D^mizmi^. ^itV^m<D3T3 A3 l -7 l 4 ^7n->4 (>f>^-Th$ya 
. . 5}-3f . 12^, 463H, 1973^) tpy\(D^H-^^ 

5% ':?i/llil^$:-^t/:$r;L//<ry 3^^>f-^;l/MEM^«S$:MV^T, 10 00 
jjiHllg/mLlC^-g><fce)JC5®^bfc 3 T3 A3 1- 714^n->4S:96':7ai 

Mc 1 0 0 /t L-:5oiS$, j^m:^/^-r (5%^^:^;^ 
. 9 5%^^) tCfeV>T 3 7'CT* 1 H^^bfco Jl^t7 5 /i L^^^^y, jfil?* 
S:-^*^VAtjr;V/<^:y najc^>f-^;HVIEM^;%$: 1 0 0 /i Lin^SZlillCj; UJfil 

1 %lcLfeo ^ e>lC2 ara^«L:fe^, «^ Oig^(Z)JifB(D^J6MT'l^ 
$gbithBTC5 0. ^^^^A*;tl±a!c^^^B$:^inbfc. ?^*tl 1 6 
tC^H-^$ [TV— i/^A • :7T;^Vi>T • A>f $: 0 . 2 5 /t C 

2 9 mU<^^ 1 1-3094740 
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i/weiiin;t, ^(D4:mmm^mm^pB svsmmwLt^^. 5% sd 
s $: 1 0 0 At Lua^mm^mmht^o mmmmwi^tyy^v-tyByA^rjuz 

^-'^^Yi-^^vy<Dmm^<Dm^)7h3^^m^hf^. 

1 0 0%i:bT, 5 OroCD^Stt^a^bfc^CDhBTC 5 0 ^ <fc t)J3Jc^4^^C^)lia! 

(ed^q) ^^^fci^^^^ m.i\z.^-t. 



^y:f)\^ ED^Q (nM) 

hBTCSO 0.01 
3C^:$^^A 0.6 

Bfc^:9-^B >1 0. 0 

[0 0 3 7] 

AR4 2 jmaa$:fflv%fc/siHjia^^i:^^^'i4®a!i^ 

±fBT'MSSb;thBTC5 0. ^^^^K^ ^^^^^^ B ^3 <fc tJ^#^¥ 1 0 - 1 
9 1 9 8 9#lC|B«®:)^^tCj: yMS^b:t 8 oaSM'^-tJf-fe;!/'; > (hBTC 
8 0) *^P>M^^tl-5 l«i:, 1 0% ^7>>JB&ir%Jfil^ti:S:■^tf^r;^K-;=I^^>r- 
^f;l/MEM^^^C, ^b^f6^MT-^^$tl7tlP?Biaffi5f$MJ9S^AR4 2 J [Chir 
istophe; T^HJi^j^ • i^'^— • • "7 -f i^'^^D^— (Am. J. Physiol.) 
, 266#, G963M^ 1994^] 1 0 ^^J9M/m L IC^S «i: JC^^ 5 0 0 n 
LSr^^-Y^A-x^-r KlCtS^. ^m^*:^-f>=^r 3.^-^-1:^ (5% mMiiTs 
> 9 5%^^) lCfeV>T3 7lC'e5 HK^ilbfeo 5 H ^iCjfflflgS: P B S 1 HI 
gfe^^Ufe^lc, 1 0%/}>;i/AT;^7^t: KT'H^b> o. i%hUh>x-ioo 

^•^uv^y^^^T^fc. \(^%-^uv ^:3L-'7.-^^m\^fz.^>{yMy'!^^ i 

%hU h>X- 10 0 $:?^*0b^?a5:$>r^JfeeLfe^, PB ST?3tlIgfe?^b;t„ 

3 0 ffiSEi^^ 1 1-30947 4 0 
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1 0%:/D^>^X-;^>T#fJbfeF I TC (Fluorescein Isothiocyanate) 
^(DU^. hBTC 8 O^W^MH^r=.m^tmmiZ. hBTC5 0,^^39-^A 

>ii^3iffljB&®m3^MSi±, hBTcso, hBTC5o, ^m. 

[0 0 3 8] 

^I^M3 

3-1) hskmr V y yf 7 ^ -^mu^^m^^ ^ -o^mm 

^M*^eJSS^C«^oT>^y ADNASrMiSL/fco Z:<Z)DNA$:^>^V- 
hi:bT> h>r >y^U > I I»e^:>'n^-^r-®i^^SH^J (GenBan 

k: Access ion No. J00748) ^t) iLK^^Vtc-Zf^^-^—R I - 1 : 5' -AG A 
GTC AAGGATCCCCC AACC ACT - 3' feJ:a^:;/'^^V-R 1-3 
: 5'-AGCTGGTCACTTAGGGGTGGGG-3' $:ffiV^TPCR^ 
iCcI: »;-r >XU >^D^-^-Mi^O. 7 5 K b SrifiKiLfcc ^^jIC, Z1<DP 
CRM^fe$:7^>^l^- h t. l^X-f^^^-R I - 1 CI a : 5* - GAATCG 
ATAGAGTCAAGGATCCCCCA - 3* feJ:t5:;^^^V-R I - 3 X 
ho : 5* -GACTCGAGCTGGTCACTTAGGG- 3' SrMVNTPC 
R^n^t:L^ mm^ntcO. 75 Kb DUAm^^^mmi^. pT7Blue^ 

3 1 aj|I#^ 11-3094740 



11—055326 



(Novagen 69820-1) ^CM*^7i^'e# e> tlfe X ^ FpTB1881$: 

^-^--It-^^Z-H^mnhttL^ Fp TB 1 8 8 1 ^Xh o I-Cl 

a I T'^llTbT^^y h-r >:/D^-^--efeS 0. 7 3kb DNASIt 

n^ntz.. mz\ivmm:r}\yij')yit7.yr^-'^ (plap) $:=i-K-r-5 2 

. 0 kb cDNA (J. BergerPj, Gene 66, 1(1988)) (D^^zf^ 7. ^ \^ v 
B 1 3 3 0 $:Xho I-Hind I I I1?^ISt bT# 2 . 7 k b DN 

A»T>i (PLAP cDNA, SV40a5f5^:;/'^ -Y > ^^^fe <fc tJf 3i< U A^iHSP^, pB 
R3 2 2S5l5o r i 33J:tJ^T>tfi/i; >ii9'l4^'e^-$:-^tf) tcfj^©^ 
h-f >^a.U >>'"n^-^5?-MJ!^0. 73kb Xho I-Cla iWlfH^ 
T4 DNAU^tf-ifMfSJCckoT^^bTy^^::^.^ FpTB1 898 
[0 0 3 9] 

3 - 2 ) P L A P A R 4 2 J jjSIHllg®^^ 

AR4 2 JMJiStCP L A P^3^:/^X^ KpTBl 89 8i:Tn50neo'' 
M^^^-^tfT^^^y^^ KpMCn e o p o I y A (STRATAGENE) ^V^l^T.^ 
t/B y^MT r a n s I T™- L T 1 (Mirus, PenVera Corporation) 

\i^xmmzmxvr^. mx^<Dmm\ti o%4^MBjfii?tsr*n;^:tDMEMT2 h 

|^^#bfc^> G4 1 8 (y:^5^t/>, GIBGO BRL) 8 0 0 ytt g /m L 5:1^*0 b 
:t^Sm«I^c*^;iT^«$:i^^:?■fc„ G4 1 8|itfti:^oT^Wb^Mfl&$:^## 
59<^tc J: y ^ n - > $:#lt L :fe:„ 

#^D->©MfiaS:2 4 5^:;^l^~ MCjS^, 8 0^«MBTC§:2 0 n g/m 

y^m^L. ^<o^(Dii7u->AR7 1 - 1 0 4:^i;Ar(D^mizm^^t^o 

3-3) PLAP563^AR4 2 J «HilS$:ffl V%fc /3 mflS^^bfl^^Stt®?^^ 

JllBT'MSg bfchBTC50, Hfc^M^)-^ A <fc XJ^^^M^'f- B *^ 

mmiZ. ±123-2) T'^iSL:feP L AP^3^AR4 2 J 3X1 o%iia 

3 2 1 1-3094740 
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XmHzrjt^>^oKumi^. 1 0 0 At L$: 9 6 '^7ai;i/y ix- hicii^, mMi^y^ 

>r>drc3./<-i5r-|^ (5% mm-^T.. 9 5%^^) lCfeV>T3 71CT*5 

0 AL§:^^*^C«^)5 0/tLO2XSEAP ( 2M^X^ 7 -;i/T ^ 1 mM 
MgClg. 2 0 mM4x^ TA^— >) $:^inb:fe 9 6 ^7 1;!/ V>r □ ^ l/- 

U >^ (e/^v'tt) 1 0 /i L^jflDLS TX:-?? 1 6^^M/;&:§:^TV>, 4 0 5 n m 

hB TC 5 0mB^(Dm.i<i^%m^l 0 0%i: L/}t|^<Z)5 0 %(Of^^^m-t (O 

^ 2 /s MBS^^^'fb^^^Stt 



•9- E DgQ (nM) 

h ETC 5 0 0.1 5 

Bfc^^^A 0. 5 

^^^^B 0. 7 

[0 0 4 0] 

[0 04 1] 

<110> Takeda Cheiaical Industries, Ltd. 

<120> Betacellulin Hutein 

<130> A99028 

<160> 18 

<210> 1 

<211> 53 

3 3 ttilE#^ 11-3094740 
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<212> PRT 

<213> Artificial Sequence 

<220> 

<223> 

<400> 1 

Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys 

5 10 15 

He Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Asn Pro Ser Thr 

20 25 30 

Pro Ser Cys Val Cys Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg 

35 40 45 

Val Asp Leu Phe Tyr 

50 
<210> 2 
<211> 48 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> 

<400> 2 

Asn Ser Asp Ser Glu Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 

5 10 15 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys 

20 25 30 

Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp Leu Phe Tyr 
35 40 45 

<210> 3 
<211> 80 
<212> PRT 

3 4 ffi|iE#^ 1 1-3094740 
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<213> Human 
<400> 3 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly 

1 5 10 15 

Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys 

20 25 30 

Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 

35 40 45 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys 

50 55 60 

Asp Glu Gly Tyr lie Gly Ala Arg Cys Glu Arg Val Asp Leu Phe Tyr 
65 70 75 80 

<210> 4 
<211> 83 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> 

<400> 4 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly 

1 5 10 15 

Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys 

20 25 30 

Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys He Lys 

35 40 45 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Asn Pro Ser Thr Pro Ser 

50 55 60 

Cys Val Cys Asp Glu Gly Tyr He Gly Ala Arg Cys Glu Arg Val Asp 
65 70 75 80 

3 5 ffiffii^^ 1 1-3094740 
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Leu Phe Tyr 
<210> 5 
<211> 249 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 5 

GATGGGAATT CCACCAGAAG TCCTGAAACT AATGGCCTCC TCTGTGGAGA CCCTGAGGAA 60 
AACTGTGCAG CTACCACCAC ACAATCAAAG CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG 120 
CAATACAAGC ATTACTGCAT CAAAGGGAGA TGCCGCTTCG TGGTGGCCGA GCAGAACCCC 180 
TCGACGCCCT CCTGTGTCTG TGATGAAGGC TACATTGGAG CAAGGTGTGA GAGAGTTGAC 240 
TTGTTTTAC 249 
<210> 6 
<211> 159 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 6 

CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG CAATACAAGC ATTACTGCAT CAAAGGGAGA 60 
TGCCGCTTCG TGGTGGCCGA GCAGAACCCC TCGACGCCCT CCTGTGTCTG TGATGAAGGC 120 
TACATTGGAG CAAGGTGTGA GAGAGTTGAC TTGTTTTAC 159 
<210> 7 
<211> 144 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

3 6 mSiE#^ 11-3094740 
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<400> 7 

AACAGCGACT CTGAGTGCCC CAAGCAATAG AAGCATTACT GCATCAAAGG GAGATGCCGC 60 
TTCGTGGTGG CCGAGCAGAC GCCCTCCTGT GTCTGTGATG AAGGCTACAT TGGAGCAAGG 120 
TGTGAGAGAG TTGACTTGTT TTAG 144 
<210> 8 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 8 

AGCATATGCG GAAAGGCCAC TTCTCTAGGT 30 
<210> 9 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 9 

CTGGATCCTA GTAAAACAAG TCAACTCTCT 30 
<210> 10 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 10 

GAAATAATTT TGTTTAACTT TAAGAAGGAG 30 
<210> 11 

3 7 1 1-3094740 
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<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 11 

AGGAGGGCGT CGAGGGGTTC TGCTCGGCCA 
<210> 12 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 12 

TGGCCGAGCA GAACCCCTCG ACGCCCTCCT 
<210> 13 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 13 

TCTATGCGCA CCCGTTCTCG GAGCACTGTC 
<210> 14 
<211> 35 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 



30 



30 
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<400> 14 

TATACATATG AACAGCGACT CTGAGTGCCC CAAGC 
<210> 15 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 15 

AGAGTCAAGG ATCCCCCAAC CACT 
<210> 16 
<211> 22 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 16 

AGCTGGTCAG TTAGGGCTGG GG 
<210> 17 
<211> 26 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 17 

GAATCGATAG AGTCAAGGAT CCCCCA 
<210> 18 
<211> 22 
<212> DNA 



35 



24 



22 



26 
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<213> Artificial Sequence 

<220> 

<223> 

<400> 18 

GACTCGAGCT GGTCACTTAG GG 22 
[0 0 4 2] 

[01] ##MiiB^o>^^x^ FpTB 1 9 7 6(Dmm(Dnv^^^-t. 
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BT-«5h : S'^JViKIVkTATOCGOAAAGGCCACrTCTCrAGGTO' 
BT-!Mb : 3'.ClXXMTCCrAC3TAAAACAACTCAACrcrCr-3' 
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[Document] Specif icatiof^^^^^^^* 
[Title of the Invention] Betacellulin Mutated Molecule 
[Claims] 

[Claim 1] A betacellulin mutated molecule or salt thereof according to 
Claim 1, wherein 1 to 30 amino acid residues from the N terminal of the 
betacellulin may be deleted, and 1 to 5 amino acid residues may be 
inserted between the 22^ and 23^ amino acid residues from the C 
terminal . 

[Claim 2] A betacellulin mutated molecule or salt thereof according to 
Claim 1, wherein 1 to 30 amino acid residues from the N terminal of the 
betacellulin have been deleted. 

[Claim 3] A betacellulin mutated molecule or salt thereof according to 
Claim 1, comprising the amino acid sequence represented by SEQ ID NO: 1. 

[Claim 4] A betacellulin mutated molecule or salt thereof comprising 
the amino acid sequence represented by SEQ ID NO: 2. 

[Claim 5] A method for manufacturing a betacellulin mutated molecule 
or salt thereof according to Claims 1 or 4, characterized by culturing 
the trans formants which have been transformed with recombinant vectors 
containing DNA encoding the betacellulin mutated molecule according to 
Claims 1 or 4 to produce said betacellulin mutated molecule. 

[Claims 6] A pharmaceutical composition comprising a betacellulin 
mutated molecule or salt thereof according to Claims 1 or 4. 

[Claim 7] A pharmaceutical composition according to Claim 6, wherein 
the composition is a prophylactic or therapeutic drugs for diabetes. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention pertains] 

The present invention relates to betacellulin (hereinafter, 

sometimes to be referred to as BTC) mutated molecule, DNA encoding it, 

manufacturing method of the mutated molecule and their uses. 
[0002] 

[Prior Art] 

Betacellulin (BTC) is a cell growth factor that is isolated and 
purified from culture supernatant of mouse BTC- 3 insulinoma cells 
(Science, 259, 1604 (1993)). Mouse BTC is synthesized as membrane -bound 
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prepromolecule (precursor) comprising 177 amino acid residues. 
Subsequently, it is secreted as a mature molecule having 80 amino acid 
residues after processing. Human BTC is synthesized as membrane -bound 
precursor and is secreted as a mature molecule having 80 amino acid 
residues after processing in a similar manner. A sequence comprising 30 
amino acid residues from amino terminal (N terminal) has no homology to 
amino acid sequences of other proteins, while a sequence comprising 50 
amino acid residues from carboxyl terminal (C terminal) is highly 
homologous to the sequence comprising 6 cysteine residues, which is 
conserved among the members of epidermal growth factor (EGF) family. 
Thus, BTC is considered as a member of the EGF family. Since an amount 
of betacellulin presented in vivo is extremely low, it is difficult to 
acquire the protein. However, a mcuiuf acturing method using gene 
technology is described in Patent Kokai Hei6- 87894 Koho etc. 

Betacellulin has growth promoting activity to fibroblast cells, 
vascular smooth muscle cells, pigment epithelial cells and others, in a 
similar manner as EGF (Science, 259, 1604 (1993)) . It is also reported 
that ^^^I- labeled betacellulin binds to EGF receptor (The Journal of 
Biological Chemistry, 269, 9966 (1994)) and that the cell growth 
promoting activity of betacellulin is inhibited by an antibody against 
EGF receptor (Biological and Biophysical Research Communication, 190, 
1173 (1993)). It is suggested from these results that EGF receptor- 
mediated signal transduction is participated with expression of the cell 
growth promoting activity, that is, DNA synthesis inducing activity of 
BTC. 

[0003] 

On the other hand, it is reported that betacellulin has an 
activity other than the cell growth promoting activity, which 
differentiates exocrine pancreatic cells to endocrine P cells. A 
subclone of AR42J cell line derived from rat tumor cells of pancreatic 
duct, AR42J-B20 cell line is a cell exhibiting both characters of 
exocrine cind neuroendocrine cells (American Journal of Physiology, 266, 
G963 (1994)). This cell differentiates to insulin -producing cell when 
it is cultivated with BTC at the presence of Activin A (Journal of 
Clinical Investigation, 97, 1647 (1996)). Since this differentiating 
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activity is not detected in the case where the same concentration of EGF 
or Transforming Growth Factor-a (TGF-a) is used, it is considered that 
betacellulin exhibits the differentiating activity to P cells through a 
receptor other than EGF receptor. 

The differentiating activity to pancreatic P cells of betacellulin 
is effective for treatment of diabetes, particularly type I diabetes 
caused by destructive lesion of pancreatic P cells. It is 
experimentally known that by hypodermic administration of betacellulin 
to model mouse for partial reflux alloxan diabetes, 

neogenesis/regeneration of pancreatic P cells are observed and glucose 
tolerance is improved (Abstracts of the 1998 Japan Diabetes Association 
Conference, 125) . 
[0004] 

[Problem to be solved by the Invention] 

However, two problems below are present when betacellulin is 
actually administered to the living body. The first problem is a cell 
growth stimulating activity (EGF activity) . There is a possibility that 
side effects occur by an affection of the EGF activity that betacellulin 
possesses to extensive cells of tissues or organs except for pancreas. 
The second problem is an affinity for EGF receptor. In the case where 
we consider cin endogenous kinetics of betacellulin after in vivo 
administration, there is a possibility that dose of betacellulin 
relatively increases for medicinal effects against pancreas, since a 
majority of administered molecules bind to EGF receptors in the organs 
except for pancreas and is consumed . 

In order to solve the problems described alx>ve and apply 
betacellulin as a novel therapeutic drug for diabetes, it is desired to 
prepare a mutated molecule of betacellulin that have intact 
differentiating activity to pancreatic P cells and no binding capability 
to EGF receptor. 

[0005] 

[Means for solving a Problem] 

The inventors prepared a variety of betacellulin mutated molecules 
by adding or inserting amino acids to a part of amino acid sequence of 
the C- terminal 50 amino acid residues molecule (BTC50) that exhibits DNA 
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synthesis promoting activity and differentiation promoting activity for 
3T3 substantially identical to 80 amino acid residue type mature protein 
or substituting amino acids for other amino acids. The inventors 
further studied its biological activity and found the first case of 
betacellulin mutated molecules that have intact differentiation 
promoting activity to pancreatic p cells and no binding capability to 
EGF receptor. Finally, the inventors completed the present invention. 
[0006] 

That is, the present invention relates to: 

1. A betacellulin or salt thereof, wherein 1 to 30 amino acid 
residues from the N terminal of the betacellulin may be deleted, and 1 
to 5 amino acid residues may be inserted between the 22^ and 23^ amino 
acid residues from the C terminal; 

2. A betacellulin or salt thereof according to 1 above, wherein 1 to 
30 amino acid residues from the N terminal of the betacellulin have been 
deleted; 

3. A betacellulin or salt thereof according to 1 above, comprising 
the amino acid sequence represented by SEQ ID NO: 1; 

4. A betacellulin or salt thereof, comprising the amino acid secjuence 
represented by SEQ ID NO: 2; 

5. A method for manufacturing a betacellulin or salt thereof 
according to 1 or 4 above, characterized by culturing the transformants 
which have been transformed with recombinant vectors containing DNA 
encoding the betacellulin according to 1 or 4 above to produce said 
betacellulin mutated molecule; 

6. A pharmaceutical composition comprising a betacellulin or salt 
thereof according to 1 or 4 above; 

7. A composition according to 6 above, wherein the pharmaceutical 
composition is a prophylactic or therapeutic drug for diabetes. 

[0007] 

[Mode for Carrying Out the Invention] 

As described above, the betacellulin mutated molecule 
(betacellulin mutein) have intact differentiation promoting activity to 
pancreatic |3 cells (BTC activity) and reduced EGF activity. 
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"Betacellulin mutated molecule" of the present invention may be a 
betacellulin mutated molecule that has an intact BTC activity and 
reduced EGF activity. For example, it includes (1) Betacellulin mutated 
molecules in which 1 to 30 amino acid residues of the N terminal may be 
deleted, and 1 to 5 amino acid residues have been inserted between the 
22"^ amino acid residue and the 23"^ amino acid residue of the C terminal 
or salt thereof and (2) betacellulin mutated molecule comprising an 
amino acid sequence represented by SEQ ID NO: 2 or salt thereof. 

"Betacellulin" in "betacellulin mutated molecules" of the present 
invention refers to as a polypeptide comprising an amino acid sequence 
represented by SEQ ID NO: 3 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp Pro 
Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe Ser 
Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys lie Lys Gly Arg Cys Arg Phe Val 
Val Ala Glu Gin Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr lie Gly Ala Arg 
Cys Glu Arg Val Asp Leu Phe Tyr 

described in Sasada et al . ; Biochemical and Biophysical Research 
Communications (Biochem. Biophys. Res. Comraun.), 190, 1173 (1993). 

"Insertion of amino acid residues" in "betacellulin mutated 
molecules in which such amino acid residues have been inserted" may be 
insertion that no antigenicity- related problem occurs when the 
betacellulin is administered into the living body. It does not care 
what is amino acid residue or peptide chain. Specific examples of 
"amino acids" above include nonpolar (hydrophobic) amino acids (such as 
alanine, leucine, isoleucine, valine, proline, phenylalanine, tryptophan, 
and methionine) , polar (neutral) amino acids (such as glycine, serine, 
threonine, cysteine, tyrosine, asparagine, and glutamine) , amino acids 
with a positive charge (basic) (such as arginine, lysine, and histidine) , 
and amino acids with a negative charge (acidic) (such as aspartic acid 
and glutamic acid) , Asparagine, proline, and serine are preferred. 
Specific examples of "peptide chains" above refer to peptide chains of 
two to five such "amino acids" bound together, and preferably includes 
peptide chains consisting of 2 to 4 amino acid residues. 

[0008] 
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Examples of "betacellulin in which 1 to 30 amino acid residues of 
the N terminal may be deleted" include (1) polypeptides with an amino 
acid sequence represented by the aforementioned SEQ ID NO: 3, (2) 
betacellulin mutated molecules in which 1 to 30 amino acid residues of 
the N terminal have been deleted, and (3) betacellulin mutated molecules 
in which amino acid residues (e.g., 1 to 5 amino acid residues) have 
been inserted in the amino acid sequence of the 1®^ through 30*^ residues 
of the N terminal of betacellulin. 

"Betacellulin mutated molecules in which 1 to 30 amino acid 
residues of the N terminal have been deleted" include 1) those in which 
1 to 30 amino acid residues of the N terminal of betacellulin have been 
deleted, and 2) those in which 1 to 30 amino acid residues of the N 
terminal of betacellulin have been deleted, and other amino acid 
residues (e.g., 1 to 5 amino acid residues) have been added. 

[0009] 

"Betacellulin mutated molecules in which 1 to 30 amino acid 
residues of the N terminal may be deleted, and 1 to 5 amino acid 
residues have been inserted between the 22"^ amino acid residue of the C 
terminal (i.e.. Gin, the 58** amino acid residue from the N terminal in 
the amino acid sequence represented by SEQ ID NO: 3) and the 23^ amino 
acid residue (i.e., Thr, the 59** amino acid residue from the N terminal 
in the amino acid sequence represented by SEQ ID NO: 3)" should be 
betacellulin mutated molecules in which some of 1 through 30 amino acid 
residues of the N terminal of betacellulin may be deleted, and 1 to 5 
amino acid residues have been inserted between the 22"^ and 23^ amino 
acid residues from the C terminal. Specific examples include: 
( (1) ) betacellulin mutated molecules with an amino acid sequence 
represented by SEQ ID NO: 4 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp Pro 
Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys Gly His Phe Ser 
Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys lie Lys Gly Arg Cys Arg Phe Val 
Val Ala Glu Gin Asn Pro Ser Thr Pro Ser Cys Val Cys Asp Glu Gly Tyr lie 
Gly Ala Arg Cys Glu Arg Val Asp Leu Phe Tyr 

( (2) ) betacellulin mutated molecules in which the 1^*^ through 30** amino 
acid residues from the N terminal of betacellulin have been deleted 
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Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly Asp Pro 
Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys 

and 1 to 5 amino acid residues have been inserted between the 22^ and 
23^ amino acid residues from the C terminal, such as a betacellulin 
mutated molecule with an amino acid sequence represented by SEQ ID NO: 
1: 

Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys lie Lys 
Gly Arg Cys Arg Phe Val Val Ala Glu Gin Asn Pro Ser Thr Pro Ser Cys Val 
Cys Asp Glu Gly Tyr lie Gly Ala Arg Cys Glu Arg Val Asp Leu Phe Tyr 

Preferred exanples of "betacellulin mutated molecules" of the 
present invention include the betacellulin mutated molecules having an 
amino acid sequence represented by SEQ ID NO: 1 or 2. 

[0010] 

In accordance with the conventional manner for designating 
peptides, the left terminal of the betacellulin mutated molecules in the 
present Specification is referred to as the N terminal (amino terminal) , 
and the right terminal is referred to as the C terminal (carboxyl 
terminal) . The C terminal of these betacellulin mutated molecules is 
usually a carboxyl group (-COOH) or carboxylate (-COO'), but the C 
terminal may also be an amide (-CONH2) or ester (-COOR) . 

Examples of R in such esters include Ci.s alkyl groups such as 
methyl, ethyl, n-propyl, isopropyl, or n-butyl, C3.8 cycloalkyl groups 
such as cyclopentyl and cyclohexyl, C6.12 aryl groups such as phenyl and 
a-naphthyl, phenyl-Ci.2 alkyls such as benzyl, phenethyl, and benzhydryl, 
or C7.14 aralkyl groups such as a-naphthyl-Ci.2 alkyls such as a- 
naphthylmethyl , and pivaloyloxymethyl groups. 

Examples of salts of the betacellulin mutated molecules of the 
present invention include salts with physiologically acceptable bases 
(e.g., alkali metals) or acids (organic and inorganic acids), in 
particular physiologically acceptable acid salts are preferred. 
Examples of such salts include salts with inorganic acids (e.g., 
hydrochloric acid, phosphoric acid, hydrobromic acid, cind sulfuric acid) , 
and acids with organic acids (e.g., acetic acid, formic acid, propionic 
acid, fumaric acid, maleic acid, succinic acid, tartaric acid, citric 
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acid, malic acid, oxalic acid, benzoic acid, methanesulfonic acid, and 
benzenesulfonic acid) . 
[0011] 

The betacellulin mutated molecules of the present invention can be 
prepared by genetic engineering as described in Japainese Unexamined 
Patent Application (Kokai) H6- 87894, for example, or by a protease 
treatment that is publicly known, preferably a carboxypeptidase 
treatment, and even more preferably bovine pancreatic carboxypeptidase A 
treatment, of betacellulin obtained by the culture of beta t\amor cells. 
They can also be prepared according to the peptide synthesis described 
below. They can furthermore be manufactured by the culture of 
transformants containing DNA encoding betacellulin mutated molecules, as 
described below. 

Peptides may be synthesized by either solid phase synthesis or 
liquid phase synthesis, for example. That is, partial peptides or amino 
acids capable of composing the betacellulin mutated molecules of the 
present invention are condensed with the remainder, and protection 
groups are eliminated when the product has protection groups, whereby 
the target betacellulin mutated moleculecan be manufactured. The 
publicly known methods for condensation and the removal of protection 
groups include the following methods in (1) through (5) . 

(1) M. Bodanszky and M.A. Ondetti, Peptide Synthesis, Interscience 
Publishers, New York (1966) 

(2) Schroeder and Luebke, The Peptide, Academic Press, New York 

(1965) 

(3) Nobuo Izumiya et al, Peptide Synthesis Fundamentals and 
Experiments, Maruzen (1975) 

(4) Jimei Yashima and Toshihira Kashiwahara, Basic Biochemical 
Experiments, Vol, I, Protein Chemistry IV, 205 (1977) 

(5) Sequel Develop/nent of Medical Drugs, Vol. 14, Peptide 
Synthesis, Kadokawa Shot en, Ed. Jimei Yashima 

After the reaction, the polypeptide of the present invention can 
be purified and isolated by a combination with, for exairple, solvent 
extraction, distillation, column chromatography, liquid chromatography, 
and recrystallization. V/hen the resulting polypeptide is in free form. 
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it can be converted to a suitable salt by a publicly known method. 
Alternatively, when a salt form is obtained, it can be converted to free 
form by a publicly known method. 
[0012] 

Commercially available peptide binding resins suitable for amide 
formation can be used for amide forms of betacellulin. Examples of such 
resins include chloromethyl resins, hydroxymethyl resins, 
benzhydrylamine resins, aminomethyl resins, 4-benzyloxybenzyl alcohol 
resins, 4-methylbenzhydrylamine resins, PAM resins, 4 -hydroxymethyl 
methylphenyl ace tamide methyl resins, polyacrylamide resins, 4-(2',4'- 
dimethoxyphenyl-hydroxymethyDphenoxy resins, and 4 - (2 • , 4 ' - 
dimethoxyphenyl-Fmoc aminoethyl) phenoxy resins. Such resins can be used 
for the condensation of amino acids with suitably protected side chain 
fxinctional groups and a-amino groups on resin in accordance with various 
publicly known methods of condensation as befits the sequence of the 
intended peptide. After the reaction, the peptide is excised from the 
resin, the various protection groups are simultaneously removed, and a 
reaction for forming intramolecular disulfide bonds is brought about in 
a highly diluted solution as needed to obtain the target amide forms. 

Although various activating reagents that can be used for peptide 
synthesis may be used for the condensation of such protected amino acids, 
carbodiimides are particularly preferred. Examples of carbodiimides 
include DCC, N,N' -diisopropylcarbodiimide, and N-ethyl-N' - (3 - 
dimethylaminopropyl) carbodiimide. For activation with the above, 
racemization inhibitors (e.g., HOBt and HOOBt) and protected amino acids 
can be added directly to the resin, or they can be added in the form of 
corresponding acid anhydrides or HOBt esters or HOOBt esters to the 
resin after the activation of the protected amino acids. Solvents which 
are used for the condensation with resins or the activation of protected 
amino acids can be suitably selected from solvents which are known to be 
capable of being used for peptide condensation. Examples include acid 
amides such as N, N-dimethylformamide, N, N- dime thy lace tamide, and N- 
methylpyrrolidone, halogenated hydrocarbons such as methylene chloride 
and chloroform, alcohols such as trif luoroethainol, sulfoxides such as 
dimethyl sulfoxide, tertiary amines such as pyridine, ethers such as 
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dioxane and tetrahydrofuran, nitriles such as acetonitrile and 
propionitrile, esters such as methyl acetate and ethyl acetate, and 
suitable mixtures of the above. The reaction temperature can be 
suitably selected from within the known uscible range in the formation of 
peptide bonds, which is usually about -20 to 50^C. Activated amino acid 
derivatives are usually used in an excess amount of 1.5 to 4 folds. 
When ninhydrin reaction tests reveal insufficient condensation, the 
condensation is repeated without removing the protection groups until 
sufficient condensation has been achieved. When repeated reaction fails 
to provide sufficient condensation, acetic acid anhydride or acetyl 
imidazole may be used for the acetylation of the unreacted amino acids 
to avoid influencing subsequent reactions. ) 
[0013] 

Examples of protection groups for the amino groups of starting 
material amino acids include Z, Boc, tertiary-pen tyloxycarbonyl, 
i sobomyloxycarbonyl , 4 -me thoxybenzyloxycarbonyl , CI - Z , Br - Z , 
adaman tyloxycarbonyl , trif luoroacetyl, phthaloyl, formyl, 2- 
nitrophenylsulf enyl, diphenylphosphinothioyl , and Fmoc. Examples of 
protection groups for carboxyl groups include those in which R is a Ci.e 
alkyl group, C3.8 cycloalkyl group, or C7.14 aralkyl group, as well as 2- 
adamantyl, 4-nitrobenzyl, 4-methoxybenzyl, and 4 - chlorobenzyl , phenacyl 
groups, and benzyl oxycarbonylhydrazide, tertiary-butoxycarbonylhydrazide, 
and tritylhydrazide. 

} 

The hydroxyl groups of serine and threonine can be protected, for 
example, by esterif ication or etherif ication. Examples of groups that 
are suitable for esterif ication include lower alkanoyl groups such as 
acetyl, alloyl groups such as benzoyl, and carbon -derived groups such as 
benzyloxycarbonyl and ethoxycarbonyl . Examples of groups that are 
suitable for etherif ication include benzyl, tetrahydropyranyl , and 
tertiary -butyl groups. 

Examples of protection groups for phenolic hydroxyl groups of 
tyrosine include Bzl, CI2-BZI, 2-nitrobenzyl, Br-Z, and tertiary - butyl . 

Examples of protection groups for imidazoles of histidine include 
Tos, 4-methoxy-2, 3, 6- trimethylbenzenesulfonyl, DNP, benzyloxymethyl. Bum, 
Boc, Trt, and Fmoc. 
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Examples for activated carboxyl groups in the starting 
materialinclude corresponding acid anhydrides, azides, and active esters 
(esters with alcohols (e.g., pentachlorophenol , 2, 4, 5- trichlorophenol, 
2, 4-dinitrophenol, cyanomethyl alcohol, para- nit rophenol, HONB, N- 
hydroxysuccimide, N-hydroxyphthalimide, and HOBt) ) . Examples for 
activated amino groups in the starting material include the 
corresponding phosphoric amides. 

[0014] 

Methods for removing (eliminating) protection groups include 
direct contact reduction in a hydrogen flow in the presence of a 
catalyst such as Pd black or Pd carbon, acid treatment with anhydrous 
hydrogen fluoride, methanesulfonic acid, trif luoromethanesulfonic acid, 
trif luoroacetic acid, or mixtures thereof, base treatment with 
diisopropylethylamine, triethylamine, piperidine, or piperazine, or 
reduction with sodium in liquid ammonia. The eliminating reaction by 
acid treatment above performed at a temperature of -20 to 40°C, but it 
is effective to add a cation scavenger such as anisol, phenol, 
thioanisol, meta-cresol, para-cresol, dimethylsulf ide, 1, 4 -butanedi thiol, 
or 1, 2-ethanedithiol . 2, 4-dinitrophenyl used as a imidazole protection 
group for histidine can be renraved by treatment with thiophenol, while 
formyl groups used as indole protection groups for tryptophan can be 
removed by acid treatment in the presence of the aforementioned 1,2- 
ethanediol, 1, 4 -butanedi thiol, or the like, and can also be removed by 
alkali treatment with diluted sodium hydroxide, diluted ammonia, or the 
like. 

Methods for introducing protection groups to functional groups 
which are not to be involved in the reaction, the elimination of such 
protection groups, the activation of functional groups involved in the 
reaction, and the like should be managed by publicly know methods or 
modification thereof. 

[0015] 

In another method for obtaining an amide form of betacellulin 
mutated molecules, the a- carboxyl group of the carboxyl terminal amino 
acid is first amidated, the peptide chain is then extended to the 
desired length to the amino group side, a peptide except for only the 
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protection groups for the a- amino groups on the N terminal of the 
peptide chain and a peptide (or amino acid) except for only the 
protection groups for the carboxyl groups on the C terminal are then 
prepared, and the two peptides are allowed to undergo condensation in a 
solvent mixture such as the above. The details of the condensation are 
the same as above. After the protected peptides resulting from the 
condensation have been purified, all the protection groups can removed 
by the methods described above to obtain the desired crude polypeptide. 
The crude polypeptide can be purified through a variety of known 
purification techniques, and the main fractions can be lyophilized, 
giving the desired amide form of the polypeptides . 

To obtain the ester form of betacellulin mutated molecules, the a- 
carboxyl groups of the amino acids on the carboxyl terminal undergo 
condensation with a desired alcohol to produce an amino acid ester, and 
the desired ester form of the polypeptides can then be obtained in the 
same manner as the amide form. 
[0016] 

Examples of DNA encoding the betacellulin mutated molecules in the 
present invention include any DNA comprising DNA encoding (1) a 
betacellulin mutated molecule in which 1 to 30 amino acid residues from 
the N terminal of the betacellulin may be deleted, and 1 to 5 amino acid 
residues may be inserted between the 22^ and 23^ amino acid residues 
from the C terminal, (2) a betacellulin mutated molecule having an amino 
acid sequence represented by SEQ ID NO: 2. 

Specific examples include those with a base sequence encoding a 
betacellulin mutated molecule containing an amino acid sequence 
represented by SEQ ID NO: 1, SEQ ID NO: 2 and SEQ ID NO: 4 in the 
present invention. 

More specific examples include (1) DNA containing DNA with a base 
sequence represented by SEQ ID NOs: 5 through, (2) DNA which hybridize 
with the sequences specified in (1) under the stringent condition, and 
(3) DNA which does not form hybrids with the sequences specified in (1) 
and (2) because of genetic code degeneracy but which codes for a 
polypeptide having the same amino acid sequence. Hybridization can be 
performed by pviblicly known methods or modification thereof. The 
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stringent conditions described above include, for example, a temperature 
of 42''C, 50% formamide, 4 ^ SSPE (1 x SSPE = 150 roM NaCl, 10 mM NaH2P04 
H2O, 1 mM EDTA, pH 7.4), 5 ^ Denhardt's solution, and 0.1% SDS. 
[0017] 

Expression vectors for the betacellulin mutated molecules of the 
present invention, which are used when the betacellulin mutated 
molecules of the present invention are manufactured by culturing the 
transformants comprising DNA encoding betacellulin, can be manufactured, 
for example, by (1) excising target DNA fragments from the DNA encoding 
a betacellulin mutated molecule of the present invention, and (2) 
ligating the DNA fragments downstream of a promoter in a suitable 
expression vector. 

Examples of vectors include E, coli plasmids (e.g., pBR322, pBR325, 
pUC12, and pUC13) , Bacillus subtilis plasmids (e.g., pUBllO, pTP5, and 
pC194), yeast plasmids (e.g., pSH19 and pSH15) , bacteriophages such as 
A phages, and animal viruses such as retroviruses, vaccinia viruses, 
and baculovinises . 

Examples of promoters which may be used include any suitable 
promoters corresponding to the host used to express the gene. 

[0018] 

When the host is an animal cell during transformation, it can be 
beneficial to use an SV40-derived promoter, retrovirus promoter, 
metal lothionein promoter, heat shoclc promoter, cytomegalovirus promoter, 
SRa promoter, or the lilce. Preferred examples for K. coli hosts include 
the trp promoter, T7 promoter, lac promoter, recA promoter, XPL promoter, 
Ipp promoter, and the like, preferred examples for Bacillus hosts 
include the SPOl promoter, SP02 promoter, penP promoter, and the like, 
and preferred examples for yeast hosts include the PH05 promoter, PGK 
promoter, GAP promoter, ADHl promoter, GAL promoter, and the like. When 
the host is an insect cell, polyhedrin promoters and PIO promoters, etc. 
are preferred. 

In addition to the above, expression vectors can also include 
enhancers, splicing signals, polyA signals, selection markers, SV40 
origin of replication (henceforth, sometimes also referred to as 
SV40ori) , and the like as desired. Examples of selection markers 
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include the dihydrofolate reductase (dhfr) gene (methotrexate (MTX) 
resistance) , the ampicillin resistance gene (Amp'^) , and the neomycin 
resistance gene (G418 resistance, sometimes referred to as Neo) . 
Thymidine- free media can be used for selection, particularly in cases 
where the DHFR gene is used as the selection marker with CHO (dhfr ) 
cells. 

A signal sequence adapting the host may be added to the N terminal 
side of the betacellulin mutated molecule as needed. Preferred examples 
include a phoA signal sequence, OmpA signal sequence, or the like for E, 
coli hosts. Preferred examples include an a-amylase signal sequence, 
subtilisin signal sequence or the like for Bacillus hosts. Preferred 
examples include a mating factor a{MFa) signal sequence, invertase 
signal sequence, or the like for yeast hosts. Preferred examples 
include an insulin signal seq[uence, a- interferon signal sequence, 
antibody molecule signal secjuence, or the like for animal cell hosts. 

A vector constructed in this manner, containing DNA encoding a 
betacellulin mutated molecule, can be used to manufacture trans formants . 

[0019] 

Hosts which can be used include, for example, E. coli. Bacillus, 
yeasts, insects or insect cells, and animal cells. 

Exairples of E. coli include E. coli K12 DHl (Proc. Natl. Acad. 
Sci, USA), 60:160 (1968)), JM103 (Nucleic Acids Research, 9:309 (1981)), 
JA221 (Journal of Molecular Biology, 120:517 (1978)), HBlOl (Journal of 
Molecular Biology, 41:459 (1969)), C600 (Genetics, 39:440 (1954)), and 
MM294 (Px-oc. Natl. Acad. Sci. USA, 73:4174 (1976)). 

Examples of Bacillus include Bacillus subtilis MI114 (Gene, 24:255 
(1983)), and 207-21 . (Journal of Biochemistry, 95:87 (1984)). 

Examples of yeasts include Saccharowyces cerevisiae AH22, AH22R', 
NA87-11A, DKD-5D, and 20B-12. 

Examples of insects include silkworm larvae (Maeda et al., Nature, 
315:592 (1985) ) . 

Examples of insect cells include, in the case of the AcNPV virus, 
established cell lines derived from larvae of Spodoptera frugiperda (St 
cells), MGl cells derived from Trichoplusia ni mid-gut cells. High Five™ 
cells derived from Trichoplusia ni ovarian cells, cells derived from 
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Mamesira brassicae, and cells derived from Estigmena acrea. Examples 
for when the virus is BmNPV include established cell lines derived from 
Bombyx. mori N (BmN cells) . Examples of Sf cells include Sf9 cells (ATCC 
CRL1711) and Sf21 cells (J.L. Vaughn et al., in Vitro, Vol. 13, pp. 213- 
217 (1977)) . 

Examples of animal cells include monkey COS -7 cells, Vero cells, 
Chinese hamster cells CHO, DHFR gene -deficient Chinese hamster cells CHO 
(dhfr'CHO cells) , mouse L cells, mouse 3T3 cells, mouse myeloma cells, 
human HEK293 cells, human FL cells, 293 cells, C127 cells, BALB3T3 cells, 
and Sp-2/O cells. 
[0020] 

! E, coli can be transformed, for example, by a method described in 

Proc. Natl. Acad. Sci. USA, 69:2110 (1972) or Gene, 17:107 (1982). 

Bacillus can be transformed, for example, by a method described in 
Molecular & General Genetics, 168:111 (1979). 

Yeasts can be transformed, for example, by a method described in 
Proc. Natl. Acad. Sci. USA, 75:1929 (1978). 

Insect cells and insects can be transformed, for example, by a 
method described in Bio /Technology , 6, pp. 47-55 (1988) . 

Animal cells can be transformed, for example, by a method 
described in Virology, 52:456 (1973). 

Examples of methods for introducing expression vectors into cells 
include lipofection method (P.L. Feigner et al. in Proceedings of the 

} 

National Academy of Sciences of the United States of America, Vol. 84, p, 
7413 (1987)), calcium phosphate method (F.L. Graham and A.J. van der Eb 
in Virology, Vol. 52, pp. 456-467 (1973)), electroporation (E. Nuemann 
et al. in EMBO J,, Vol. 1, pp. 841-845 (1982)) and the like. 

Transformants which have been transformed in expression vectors 
containing DNA encoding the betacellulin mutated molecules of the 
present invention can be obtained in this manner. 

[0021] 

In one method for stable expression of the betacellulin mutated 
molecules of the present invention using animal cells, cells 
incorporating an expression vector introduced into the aforementioned 
animal cells to chromosome are selected by clone selection. 
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Specifically, transf ormants are selected using the aforementioned 
selection markers as indicators. It is also possible to obtain stable 
animal cell lines with a high expression capacity for the betacellulin 
mutated molecules of the present invention etc. through repeated clone 
selection of animal cells obtained using selection markers in this 
manner. When a dhfr gene is used as a selection marker, culture can be 
carried out as the MTX concentration is gradually increased, and 
resistant strains can be selected so that intracellular amplification of 
DNA encoding the betacellulin mutated molecules of the present invention 
together with the dhfr gene gives an animal cell line with even higher 
expression. 

[0022] 

The betacellulin mutated molecules of the present invention can be 
manufactured by culturing the aforementioned transformants under 
conditions allowing the expression of DNA encoding the betacellulin 
mutated molecules of the present invention, and producing and 
accumulating the betacellulin mutated molecules of the present invention. 

When culturing transformants with E, coli or Bacillus hosts, 
liquid media are suitable for the culture, and can contain carbon 
sources, nitrogen sources, inorganic material, and other materials 
necessary for the growth of the transformants. Carbon sources include 
glucose, dextrins, soluble starches, and sucrose, and nitrogen sources 
include inorganic or organic substeinces such as ammonium salts, nitrates, 
com steep liquor, peptone, casein, meat extract, soybean cake, and 
potato extract. Examples of inorganic materials include calcium 
chloride, sodium dihydrogen phosphate, and magnesium chloride. Yeasts, 
vitamins, growth promoting factors, and the like may also be added. The 
mediiim pH is preferably about 5 to 8 . 

A preferred media for culturing E. coli is M9 mediiom containing 
glucose and casamino acid (Miller, Journal of Experiments in Molecular 
Genetics, pp. 431-433, Cold Spring Harbor Laboratory, New York (1972)). 
A chemical such as 3P-indoleacrylic acid can be added to enhance the 
promoter as needed. 
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In cases where the host is E. coli, the culture usually takes 
about 3 to 24 hours at about 15 to 43°C. The culture can be aerated or 
stirred as needed. 

In cases where the host is Bacillus, the culture usually takes 
about 6 to 24 hours at about 30 to 40°C. The culture can be aerated or 
stirred as needed. 

Examples of media for the culture of transf ormants with yeast 
hosts include Burkholder minimum medium (K.L. Bostian et al., Proc. Natl, 
Acad. Sci. USA, Vol. 71, 4505 (1980), and SD medium containing 0.5% 
casamino acid (G.A. Bitter et al., Proc, Natl. Acad. Sci, USA, Vol. 81, 
5330 (1984) . The medium pH may preferably be adjusted to between about 
5 and 8. The culture usually takes about 24 to 72 hours at about 20 to 
35°C. The culture can be aerated or stirred as needed. 

Examples of media for the culture of transf ormants with insect 
cell hosts include Grace's Insect Medium (T.C.C. Grace, Nature, 195:788 
(1962) suitably supplemented with additives such as 10% immobilized 
bovine serum. The medium pH should be adjusted to between about 6,2 and 
6.4. The culture usually takes about 3 to 5 days at about 27*^0. The 
culture can be aerated or stirred as needed. 
[0023] 

Examples of media for the culture of transf ormants with animal 
cell hosts include MEM medium containing about 5 to 20% fetal calf serum 
{Science, 122:501 (1952), DMEM medium {Virology, 8:396 (1959), RPMI 1640 
medium (The Journal of the American Medical Association, 199:519 (1967), 
and 199 medium {Proceedings of the Society for Biological Medicine, 73:1 
(1950) . The pH may preferably be about 6 to 8. The culture was usually 
performed for 15 to 60 hours at about 30 to 40°C. The culture can be 
aerated or stirred as needed . 

Particularly when CHO (dhfr ) cells and dhfr genes are used as 
selection markers, DMEM medium containing dialyzed fetal calf serum with 
virtually no thymidine is preferably used. 

[0024] 

The betacellulin mutated molecules of the present invention can be 
isolated and purified from the aforementioned cultures in the following 
manner, for example. 
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When the betacellulins of the present invention are extracted from 
cultured bacterial cells or cells, the bacterial cells or cells are 
collected by a publicly known method after completion of the culture and 
are suspended in a suitable buffer, they are disrupted by 
ultrasonication, lysozyme treatment and/or by freezing and thawing, etc., 
and the polypeptide crude extract is then obtained by centrifugation or 
filtration- The buffer may also contain a protein denaturant such as 
urea or guanidine hydrochloride, or a surfactant such as Triton X-100 
(registered trademark (™) ) . 

When betacellulin mutated molecules are secreted in the culture 
broth, the bacterial cells or cells are separated from the supernatant 
by a publicly known method after completion of the culture, and the 
supernatant is collected. 

The polypeptides of the present invention contained in the extract 
or culture supernatant obtained in this manner can be purified by a 
suitable combination of publicly known methods of isolation and 
purification. Examples of such publicly known methods of isolation and 
purification include methods utilizing the degree of dissolution such as 
solvent precipitation or salting out, methods utilizing differences 
primarily in molecular weight such as dialysis, ultrafiltration, gel 
filtration, and SDS-polyacrylamide gel electrophoresis, methods making 
use of differences in charge such as ion exchange chromatography, 
methods utilizing specific affinity such as affinity chromatography, 
methods utilizing hydrophobic differences such as reverse phase HPLC, 
and methods utilizing differences in isoelectric point, such as 
isoelectric point electrophoresis and chroma tofocusing. 

When the resulting betacellulin mutated molecules of the present 
invention are obtained in free form, they can be converted to a salt by 
a publicly known method or a modification thereof. Alternatively, when 
they are obtained in the form of a salt, they can be converted to free 
form or another salt by a publicly known method or a modification 
thereof . 

Betacellulin mutated molecules of the present invention produced 
by recombinants can be modified as desired through the action of 
suitable protein-modifying enzymes before or after purification, or the 
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betacellulin mutated molecules cam be partially removed. Examples of 
protein-modifying enzymes include trypsin, chymotrypsin, 
arginylendopeptidase, protein kinase, and glycosidase. 

The resulting betacellulin mutated molecules may be treated in a 
refolding step as described in Japanese Unexamined Patent Application 
(Kokai) HlO-191989, for example. Betacellulin mutated molecules with an 
N terminal Met can be subjected to a reaction for removing the Met from 
the N terminal as described in Japanese Unexamined Patent Application 
(Kokai) HIO- 191989 in order to remove the N terminal Met. 

The presence of the resulting betacellulin mutated molecules of 
the present invention can be determined by enzyme immunoassay or the 
like using specific antibodies. 

[0025] 

Because the betacellulin mutated molecules or their salts in the 
present invention or DNA encoding them have reduced EGF activity and no 
problems in terms of antigenicity, they can be useful as safe and low 
toxic drugs. The betacellulin mutated molecules or their salts in the 
present invention or DNA encoding them can be used as drugs to improve 
diseases such as diabetes (such as insulin -dependent diabetes) , 
pancreatic dysfunction associated with diabetes, and pancreatic 
dysfunction associated with insufficient insulin secretion in the 
elderly, and as therapeutic and prophylactic drugs for diseases such as 
undifferentiated pancreatic cancer. 

The betacellulin mutated molecules or salts in the present 
invention or DNA encoding them can be used in the conventional manner as 
the aforementioned drugs. For example, they can be orally administered 
in the form of coated or enterically coated tablets, capsules, elixirs, 
microcapsules, and the like, and can be parenterally administered in the 
form of injections such as sterile solutions with water or other 
pharmaceutical ly acceptable liquids, or suspensions. Such preparations 
can be manufactured, for example, by mixing the compounds or salt in 
xinit dose formulations required for generally recognized preparations, 
along with physiologically permissible carriers, flavorings, excipients, 
vehicles, antiseptics, stabilizers, binders, and the like. The content 
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of the active ingredient in such formulations will give a suitable dose 
within the indicated range. 
[0026] 

Examples of additives which can be miscible with tablets, capsules, 
and the like include binders such as gelatin, com starch, tragacanth 
gum, and gum arable, excipients such as crystalline cellulose, swellings 
such as com starch, gelatin, and alginic acid, lubricants such as 
magnesiiom stearate, sweeteners such as sucrose, lactose, and saccharin, 
and flavors such as peppermint, Akamono oil, or cherry. In the case of 
unit formulations in the form of capsule preparations, the material can 
also include a liquid carrier such as a lipid. Sterile compositions for 
injections can be formulated by a common method such as dissolving or 
suspending a naturally produced vegetable oil or the like such as sesame 
oil or coconut oil and the active ingredient in a vehicle such as water 
for injection. 

Examples of aqueous solutions for injection include physiological 
saline, isotonic liquids containing glucose or other adjuvants (such as 
D- sorbitol, D-mannitol, and sodium chloride) . Suitable dissolving aids 
such as alcohols (such as ethanol) , polyalcohols (such as propylene 
glycol and polyethylene glycol) , and nonionic surfactants (such as 
Polysorbate 80*" and HCO-50) can also be used. Examples of oleaginous 
solutions include sesame oil and soybean oil. Examples of dissolution 
aids include benzyl benzoate and benzyl alcohol . 

Buffers (such as phosphate buffers and sodiiim acetate buffers) , 
analgesics (such as benzalkonium and procaine hydrochloride) , 
stabilizers (such as human serum albumin and polyethylene glycol) , 
preservatives (such as benzyl alcohol and phenol) , antioxidants, and the 
like can also be blended. Injections are usually packaged in suitable 
ampules. 

The resulting preparation is safe and has low toxicity, and can 
thus be administered, for example, to mammals (such as human, mice, rats, 
gruinea pigs, rabbits, sheep, pigs, cows, cats, dogs, monkeys, sacred 
baboons, and chimpanzees) . 

The dosage of the betacellulin mutated molecule or salt thereof in 
the present invention varies depending on the subjects condition, etc. 
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The orally administered dosage for patients with adult diabetes (per 60 
kg body weight) is generally about 0.1 to 100 mg per day, preferably 
about 1.0 to 50 mg, and even more preferably about 1.0 to 20 mg. The 
parenterally administered dosage at a time varies depending on the 
purpose of administration, the target organ, the subject's condition, 
the method of administration, and so forth. Intravenous injections, for 
example, for patients with adult diabetes (per 60 kg body weight) are 
generally about 0.01 to 30 mg per day, preferably about 0.1 to 20 mg, 
and even more preferably about 0.1 to 10 mg. The dosage for other 
mammals can also be calculated in terms of 60 kg. 
[00271 

Abbreviations for bases, amino acids, and the like in the 
Specification and figures are based on the lUPAC-IUB Commission on 
Biochemical Nomenclature and on abbreviations common in the field. 
Examples are given below. Optical isomers of amino acids are the L form, 
unless otherwise specified. 
DNA: deoxyribonucleic acid 
cDNA: complementary deoxyribonucleic acid 
A: adenine 
T : thymine 
G : guanine 
C : cytosine 

EDTA: ethyleendiaminetetraacetic acid 

APMSF: (p-amidinophenyl) metheinesulfonylf luoride hydrochloride 

SDS: sodium dodecyl sulfate 

TFA: trif luoroacetic acid 

Gly: gylcine 

Ala: alanine 

Val: valine 

Leu: leucine 

lie: isoleucine 

Ser: serine 

Thr : threonine 

Cys: cysteine 

Met: methionine 
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Glu: glutamic acid 
Asp: aspartic acid 
Lys: lysine 
Arg: arginine 
His: histidine 
Phe: phenylalanine 
Tyr: tyrosine 
Trp : tryptophan 
Pro: proline 
Asn : asparagine 
Gin: glutamine 
NMP : N- inethylpyrrol idone 
[0028] 

Siibstituents, protection groups, and reagents used in the 
Specification are represented by the following symbols. 
Me: methyl group 
Et: ethyl group 
Bu: butyl group 
Ph: phenyl group 

TC: thiazolidine-4 (R) -carboxamide group 

Bom: benzyloxymethyl 

PAM: phenylacetamide methyl 

Tos : p- toluenesul f onyl 

HONB : N-hydroxy- 5 - norbomene - 2 , 3 -dicarboxyimide 

Bzl: benzyl group 

Z: benzyloxycarbonyl group 

Br-Z: 2-bromobenzyloxycarbonyl group 

Cl-Z: 2-chlorobenzyloxycarbonyl group 

Boc: t-butyloxycarbonyl group 

HOBt : 1 -hydroxybenz triazole 

DCC: N,N' -dicyclohexylcarbodiimide 

TFA: trif luoroacetic acid 

Fmoc: N-9-f luorenylmethoxycarbonyl group 

DNP: dinitrophenyl group 

Bum: tertiary butoxymethyl group 
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Trt: trityl group 
[0029] 

The SEQ ID NOs: in the Sequence Listing in the specification 
indicate the following sequences. 
SEQ ID NO: 1 

Amino acid sequence of betacellulin mutated molecule (BTC31-58, 
Asn, Pro, Ser, 59-80) of the present invention 
SEQ ID NO: 2 

Amino acid sequence of betacellulin mutated molecule (Asn, Ser, 
Asp, Ser, Glu, BTC38-80) of the present invention 
SEQ ID NO: 3 

Amino acid sequence of betacellulin 
SEQ ID NO: 4 

Amino acid sequence of betacellulin mutated molecule (BTCl-58, Asn, 
Pro, Ser, 59-80) of the present invention 
SEQ ID NO: 5 

Base sequence of cDNA encoding betacellulin mutated molecule 
represented by the amino acid sequence of SEQ ID NO: 4 
SEQ ID NO: 6 

Base sequence of cDNA encoding betacellulin mutated molecule 
represented by the amino acid sequence of SEQ ID NO: 1 
SEQ ID NO: 7 

Base sequence of cDNA encoding betacellulin mutated molecule 
represented by the amino acid sequence of SEQ ID NO: 2 
SEQ ID NO: 8 

Base sequence of primer BT-95h used in Reference Example 1 and 
Example 1 below 
SEQ ID NO: 9 

Base sequence of primer BT-94h used in Reference Exainple 1 and 
Example 2 below 
SEQ ID NO: 10 

Base sequence of primer PET-1 used in Example 1 below 
SEQ ID NO: 11 

Base sequence of primer BTC-1 used in Example 1 below 
SEQ ID NO: 12 
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Base sequence of primer BTC-2 used in Example 1 below 
SEQ ID NO: 13 

Base sequence of primer BTC-3 used in Example 1 below 
SEQ ID NO: 14 

Base sequence of primer BTC-7 used in Example 2 below 
SEQ ID NO: 15 

Base sequence of primer RI-1 used in Test Example 3 below 
SEQ ID NO: 16 

Base sequence of primer RI-3 used in Test Example 3 below 
SEQ ID NO: 17 

Base sequence of primer Rl-lCla used in Test Example 3 below 
SEQ ID NO: 18 

Base sequence of primer RI-3Xho used in Test Example 3 below 
[0030] 

The E, coll MM294 (DE3)/pLysS, pTB1516 with the plasmid pTB1516 
obtained in Reference Example 1 below was registered under the Accession 
No. FERM BP- 3836 on April 21, 1992 at the National Institute of 
Bioscience and Human Technology, Agency of Industrial Science and 
Technology, Ministry of International Trade and Industry (NIBH) , It was 
also registered under the Accession No. IFO 15282 on April 16, 1992 at 
the Institute for Fermentation. 

[0031] 
[Examples] 

Reference Exait^le 1 

Construction of 50 -residue human betacellulin (hBTC50) expression 
plasmid pTB1976 

The pTB1516 plasmid incorporating the cDNA of 80 -residue hBTC 
(Japanese Unexamined Patent Application (Kokai) H6-87894; Accession No. 
FERM BP- 3836, Accession No. IFO 15282) was used as template in PGR using 
the BT-95h primer (5 ' -AGCATATGCGGAAAGGCCACTTCTCTAGGT-3 ' ) and the BT-94h 
primer (5 • -CTGGATCCTAGTAAAACAAGTCAACTCTCT-3 • ) . PGR products with a 
translation start codon and Ndel site in the 5' terminal of the C 
terminal 50 -residue type liBTC, and a stop codon and a BamHI site 
inserted at the 3' terminal, were digested with Ndel and BamHI, and were 
inserted using the DNA Ligation Kit Ver. 2 (Ta]cara) to the Ndel -BamHI 
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site of the pET-3c expression plasmid (Novagen) having the OlO promoter 
of the T7 phage, so as to prepare the pTB1976 plasmid for the expression 
of hBTCSO. The base sequence of the inserted cDNA was confirmed by an 
ABI DNA sequencer (ABI377 DNA Sequencer) . 

Figure 1 is a schematic of the construction of the pTB1976 plasmid. 
[0032] 
Example 1 

Construction of hBTCSO mutated molecule A expression plasmid 
pTB1985 incorporating 3 heregulin (Her) -derived residues between Cys3- 
Cys4 

PCR was carried out with pTB1976 as template using (1) a 5' side 
primer PET-1 (5 ' -GAAATAATTTTGTTTAACTTTAAGAAGGAG-3 ' ) and a 3* side primer 
BTC-1 (5' -AGGAGGGCGTCGAGGGGTTCTGCTCGGCCA-3' ) and (2) 5' side primer BTC- 
2 (5' -TGGCCGAGCAGAACCCCTCGACGCCCTCCT-3') and a 3' side primer BTC-3 
( 5 • - TCTATGCGCACCCGTTCTCGGAGCACTGTC - 3 ' ) - 

A mixture of the PCR products of (1) and (2) was used as template for 
PCR using a 5' side primer BT-95h and a 3' side primer BT-94h, giving 
DNA fragments encoding mutated molecule A with 3 amino acids (Asn, Pro, 
Ser) of the Her sequence inserted between the Cys3-Cys4 of hBTCSO. The 
DNA fragment was digested with Ndel and BamHI, and then inserted into 
the Ndel-BamHI position of pET-3c to prepare pTB1985. 

[0033] 
Example 2 

Construction of hBTCSO mutated molecule B expression plasmid 
pTB1987 with seven N terminal residues substituted by five residues of 
epithelial growth factor (EGF) in the corresponding positions 

PTB1976 was used as template in PCR using a 5' side primer BTC-7 
(5' -TATACATATGAACAGCGACTCTGAGTGCCCCAAGC-3' ) and the 3* side primer BT- 
94h, giving DNA fragments encoding mutated molecule B in which seven N 
terminal residues of liBTCSO were s\abstituted with five corresponding EGF 
residues. The DNA fragment was digested with Ndel and BamHI, aind then 
incorporated into the Ndel-BamHI position of pET-3c to prepare pTB1987. 

[0034] 
Example 3 

Expression in E. coli 
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The PTB1976 plasmid, pTB1985 plasmid, and pTB1987 prepared in the 
following reference examples and above examples were introduced into E, 
coli BL21 (DE3)pLysS (Novagen) for expression xinder the control of the 
4>10 promoter of the T7 phage. The various E. coli recombinants were 
cultured at 37°C using LB medium containing 100 |Lig/mL ampicillin and 10 
|ig/mL chloramphenicol. When the turbidity reached 160 Klett vinits, 
isopropyl P-D- thiogalactopyranoside was added to a final concentration 
of 0.4 mM, and the culture was continued for another 4 hours at 37°C. 
Cells were harvested by centrifugation and stored at -80°C until 
extraction. 

[0035] 
Example 4 

Purification of hBTCSO, Mutein A and Mutein B 
4-1) Preparation of E. coli inclusion bodies 

Cells hairvested from 400 mL of culture broth were suspended in 20 
mL of 10 mM Tris-HCl (pH 8.0), 10% sucrose, and 10 mM EDTA, followed by 
freezing and thawing. The cells were then allowed to stand for 30 
minutes in ice and were completely lysed. They were disrupted by 
ultrasonication (3 times for 10 sec) while cooled on ice and then 
centrifuged (15 min at 9000 rpm and a temperature of 4®C; Beckman) , and 
the precipitate was again collected. These washing operations were 
repeated three times to prepare inclusion bodies . 
4-2) Protein extraction and refolding 

The inclusion bodies prepared in 4-1) were suspended in 8 mL of 7M 
guanidine-HCl, 0.1 M TrisrCHaCOOH (pH 8.0), and 1 mM EDTA, cuid they were 
gently stirred with a stirrer for 1 hour at 4°C to extract the 
recombinant protein. Reduced type glutathione was added to 0.1 M, the 
pH was adjusted to 8.4 with NaOH solution, and nitrogen gas was blown 
into the extract to displace the air. The extract was allowed to stand 
for 2 hours at room tenperature, and was then diluted with 20 volumes of 
10 mM Tris-CHaCOOH (pH 8.0), 0.5 mM phenylmethylsufonyl fluoride, and 1 
mM benzamidine. The diluted extract was centrifuged (9000 rpm, 15 min, 
25*^C) to remove the insoluble material, oxidized type glutathione was 
added to a concentration of 0.5 mM to the supernatant, aind the solution 
was allowed to stand for 16 hours at room temperature. The supernatant 
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(9000 rpm, 15 min, 25^C) was lyophilized and concentrated, and then 
dialyzed (Spectrapor: MWCO 1,000) against 50 mM Tris-CHaCOOH (pH 5,5) 
and 1 mM EDTA at 4°C. After the dialysis, the supernatant (9000 rpm, 15 
min, 4*^C) was filtrated with an acetate cellulose membrane (Millex GV, 
0.22 jum: Millipore) to remove the insoluble material. 
4-3) Purification of protein 

Solution containing refolded protein was loaded on a cation 
exchange HPLC column (250 ^ 4.1 mm, I.d., Synchrom CM300, Synchropak) 
equilibrated with 50 mM sodium acetate (pH 5.5), and was eluted with a 0 
to 1 M NaCl gradient to obtain fractions. Eluted fractions observed at 
OD280 were loaded on a C4 reverse HPLC column (150 ^ 4.6 mm I.d., Ultron 
300 C4: Chromatopacking Center) equilibrated with 0.1% HCl and 1% CH3CN, 
and were eluted with a 1 to 40% CH3CN gradient. The peak fractions 
obtained by colxjimn chromatography were then lyophilized. The yields of 
Muteins A and B were 78.7 cuid 103.1 pg, respectively. 
4-4) Determination of protein purity 

To determine the purity of the purified product, the product was 
loaded on a Cie reverse phase HPLC column (150 x 4.6 mm i.d., ODS120T, 
Tosoh) , and was eluted with a 15 to 30% CH3CN gradient, confirming the 
identity of the peak proteins of Muteins A and B. Both proteins had a 
purity of 94% or more. 

[0036] 
Test Example 1 

Assay of cell growth promoting activity using 3T3 cells 

The cell growth promoting activity was assayed by means of the ^H- 
thymidine uptake into stationary 3T3 A31-714 Clone 4 (JntexTiational 
iJoumal of Cancer, 12:463 (1973)) as described in Molecular Cell Biology, 
8:588 (1988). 

100 jUL 3T3 A31-714 Clone 4 suspended to 1000 cells/mL using 
Dulbecco's modified Eagle MEM medium containing 5% bovine serum were 
seeded to 96 well plates and cultured for a day at 37°C in carbon 
dioxide gas incubators (5% carbon dioxide gas, 95% air) . 75 |liL of 
supernatant was taken, and 100 pL of serum- free Dulbecco's modified 
Eagle MEM medium was added to adjust the serum concentration to 1%. Two 
more days of culture was followed by the addition of varying 
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concentrations of the hBTCSO, Mutein A, or Mutein B prepared in the 
above examples. 16 hours after these had been added, "^H- thymidine 
(Amersham Pharmacia Biotech) was added in an amount of 0.25 pCi/well, 
after 4 hours the cells were washed 3 times with PBS, 100 )liL of 5% SDS 
was added, and the cells were lysed. The cell lysate was transferred to 
scintillation vials, 1 mL of Scintillator A (Wako Pure Chemicals) was 
added, and the uptake of ^H- thymidine into the cellwas assayed with a 
scintillation counter. 

Table 1 gives the results of the concentrations of hBTCSO and the 
mutated molecules showing 50% activity (ED50) , where 100% is the maximum 
uptake of the 80 -residue betacellulin (reference) . 



Table 1: cell growth promoting activity 



Sample 


ED50 (nM) 


hBTCSO 


0. 


01 


Mutein A 


0. 


6 


Mutein B 


>10.0 



[0037] 
Test Example 2 

Assay of 3 cell differentiation promoting activity using AR42J 

cells 

Cells of the AR42J cell line derived from pancreatic cancer 
induced by chemical carcinogens (Christophe, Am. J. Physiol,, 266:G963 
(1994)) were suspended to a concentration of 10^ cells/mL in Dulbecco's 
modified Eagle MEM medium containing 10% fetal calf serum and one of 
hBTCSO, Mutein A, Mutein B, or the 80-residue betacellulin (hBTCSO) 
prepared in accordance with the method in Japanese Unexamined Patent 
Application (Kokai) HIO- 191989. 500 jLiL of these suspensions was 
inoculated on chamber slides and incubated for 5 days at 37*'C in carbon 
dioxide gas incubators (5% carbon dioxide gas, 95% air) . After 5 days, 
the cells were washed once with PBS, fixed in 10% formaldehyde, and 
treated for 5 min with 0.1% Triton X-100. Block Ace (Snow Brand, Japan) 
was then added for 40 minutes of blocking at room temperature. Anti- 
insulin antibodies (by Advanced Immunochemicals) diluted with 10% Block 
Ace were added, and reacted for 40 minutes at room temperature. 0.1% 
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Triton X-100 was added, the reaction solution was allowed to stand for 5 
minutes at room temperature, and the cells were then washed three times 
with PBS. FITC (fluorescein isothiocyanate) labeled anti-mouse IgG 
antibodies (Cappel) diluted with 10% Block Ace were added, and a 
reaction was brought about for 40 minutes. 0.1% Triton X-100 was added, 
the reaction solution was allowed to stand for 5 minutes, the cells were 
then washed three times with PBS, and they were then observed xmder a 
fluorescent microscope. 

Stained cells, that is, cells which had differentiated into 
insulin-producing P cells, were found in all cases involving the 
addition of hBTCSO and Muteins A and B, as was the case when hBTCSO was 
added . 

There were no differences in the incidence of insulin-producing 
cells between hBTCSO, hBTCSO, and Muteins A and B. 

[0038] 
Test Example 3 

Assay of P cell differentiation promoting activity using PLAP 
expression AR42J cells 

3-1) Construction of hioman placenta alkaline phosphatase gene expression 
vector 

The differentiation promoting activity into P cells was also 
determined using AR42J cells transformed with the vector having alkaline 
phosphatase which had been ligated as a reporter downstream of the 
insulin promoter. Specifically, cells which have differentiated into p 
cells by addition of betacellulin produce alkaline phosphatase. As a 
result, by assaying the alkaline phosphatase activity, the 
differentiation promoting activity into p cells can be quantitatively 
assayed. 

Genomic DNA was prepared in the conventional manner from rat tail. 
The 0.75 kb insulin promoter region was amplified by PCR with a primer 
RI - 1 ( 5 ' - AGAGTCAAGGATCCCCCAACCACT - 3 ' ) and a primer RI - 3 
(5 ' -AGCTGGTCACTTAGGGCTGGGG-3 • ) based on the base sequence of the well 
known rat insulin II gene promoter (GenBank: Accession No. J00748) using 
the genomic DNA as template. PCR was also carried out using primers RI- 
ICla ( 5 • - GAATCGATAGAGTCAAGGATCCCCCA- 3 ' ) and RI - 3Xho 



31 



HI 1-55326 



(5' -GACTCGAGCTGGTCACTTAGGG:3') using the PGR product as template. The 
amplified 0.75 kb DNA fragments were isolated, and the pTB1881 plasmid 
obtained upon insertion into the pT7 Blue vector (Novagen 69820-1) was 
used to sequence the base sequence of the cloned fragments, confirming 
that they were the rat insulin II promoter. The pTB1881 plasmid was 
digested with Xhol-Clal, giving 0.73 kb DNA fragments (rat insulin 
promoter) . The pTB1330 plasmid for the expression of 2 . 0 kb cDNA (J, 
Berger et al . , Gene, 66, 1 (1988)) encoding human placenta alkaline 
phosphatase (FLAP) was digested with Xhol-Hindlll . The resulting 2.7 kb 
DNA fragments (FLAP cDNA, containing an SV40 -derived splicing site and 
polyA addition site, pBR322 -derived ori, and ampicillin resistance gene) 
were isolated, and the aforementioned rat insulin promoter region 0.73 
kb Xhol-Clal fragment was ligated by T4 DNA ligase reaction, giving the 
plasmid pTB1898. 
[0039] 

3-2) Construction of FLAP expression AR42J cells 

The pMCneopolyA plasmid (Stratagene) containing the neo"" gene of 
Tn5 and the FLAP expression plasmid pTB1898 were simultaneously 
introduced into AR42J cells using the transfection reagent TransIT™-LTl 
(Mirus, PenVera Corporation) . The incorporated cells were then cultured 
for 2 days in DMEM supplemented with 10% fetal calf serum, and the 
culture was then continued in selection medium supplemented with 800 
|ug/mL G418 (geneticin, Gibco BRL) . Clones were isolated by limiting 
dilution of cells growing with G418 resistance. 

Cells of each clone were seeded on 24 -well plates and cultured for 
4 days with and without the addition of 20 ng/mL 80 -residue BTC, the 
supernatant was collected and heat treated for 30 minutes at GS^C, and 
the alkaline phosphatase activity in the media was then assayed. Clones 
showing increased alkaline phosphatase activity with the addition of 80- 
residue betacellulin were selected. The AR71-104 clone was used below. 

3-3) Assay of p cell differentiation promoting activity using FLAP 
expression AR42J cells 

FLAP expression AR42J cells constructed in 3-2) were suspended to 
a concentration of 3 ^ 10^ cells/mL in Dulbecco's modified Eagle MEM 
medium containing 10% fetal calf serum and on of varying concentrations 
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of the hBTCSO or Mutein A or B prepared above. 100 |LiL of these 
suspensions were inoculated on 96 -well plates and incubated for 5 days 
at 37®C in carbon dioxide gas incubators (5% carbon dioxide gas, 95% 
air) , After 5 days, samples of the culture supernatant were treated for 
30 minutes at 65°C, and 50 jol* was then added to 96 -well microplates 
containing 50 |aL of 2XSEAP (2M diethanolamine, 1 mM MgCl2, 20 mM 
homoarginine) . The samples were held for 10 minutes at 37^C, and 10 liL 
of 20 mg/mL p-nitrophenylphosphoric acid (Sigma) was added, a reaction 
was brought about for 16 hours at 37°C, and the absorbance at 405 nm 
(A405) was determined. 

Table 2 gives the protein concentration (ED50) necessary to show 
50% activity, where 100% is the maximum absorbance when hBTC50 was added. 



Table 2: activity inducing differentiation to P cells 



Sample 


ED50 (nM) 


hBTC50 
Mutein A 
Mutein B 


0.15 

0.5 

0.7 



[0040] 

[Effect of the Invention] 

The betacellulin mutated molecules and their salts of the present 
invention have reduced EGF activity and intact BTC activity, with no 
antigenicity- related problems. They are thus useful as better 
therapeutic drugs for diabetes. 

[0041] 
[Sequence Listing] 

<110> Talceda Chemical Industries, Ltd. 

<120> Betacellulin Mutein 

<130> A99028 

<160> 18 

<210> 1 

<211> 53 

<212> PRT 

<213> Artificial Sequence 
<220> 
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<223> 
<400> 1 

Arg Lys Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys 

5 10 15 

lie Lys Gly Arg Cys Arg Phe Val Val Ala Glu Gin Asn Pro Ser Thr 

20 25 30 

Pro Ser Cys Val Cys Asp Glu Gly Tyr lie Gly Ala Arg Cys Glu Arg 

35 40 45 

Val Asp Leu Phe Tyr 

50 
<210> 2 
<211> 48 
<212> PRT 

<213> Artificial Sequence 
<400> 45 

Asn Ser Asp Ser Glu Cys Pro Lys Gin Tyr Lys His Tyr Cys lie Lys 

5 10 15 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Thr Pro Ser Cys Val Cys 

20 25 30 

Asp Glu Gly Tyr lie Gly Ala Arg Cys Glu Arg Val Asp Leu Phe Tyr 
35 40 45 

<210> 3 
<211> 80 
<212> PRT 
<213> Human 
<400> 3 
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<210> 4 
<211> 83 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> 

<400> 4 

Asp Gly Asn Ser Thr Arg Ser Pro Glu Thr Asn Gly Leu Leu Cys Gly 

15 10 15 

Asp Pro Glu Glu Asn Cys Ala Ala Thr Thr Thr Gin Ser Lys Arg Lys 

20 25 30 

Gly His Phe Ser Arg Cys Pro Lys Gin Tyr Lys His Tyr Cys lie Lys 

35 40 45 

Gly Arg Cys Arg Phe Val Val Ala Glu Gin Asn Pro Ser Thr Pro Ser 

50 55 60 

Cys Val Cys Asp Glu Gly Tyr lie Gly Ala Arg Cys Glu Arg Val Asp 
65 70 75 80 

Leu Phe Tyr 
<210> 5 
<211> 249 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 5 

GATGGGAATT CCACCAGAAG TCCTGAAACT AATGGCCTCC TCTGTGGAGA CCCTGAGGAA 60 
AACTGTGCAG CTACCACCAC ACAATCAAAG CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG 120 
CAATACAAGC ATTACTGCAT CAAAGGGAGA TGCCGCTTCG TGGTGGCCGA GCAGAACCCC 180 
TCGACGCCCT CCTGTGTCTG TGATGAAGGC TACATTGGAG CAAGGTGTGA GAGAGTTGAC 240 
TTGTTTTAC 249 
<210> 6 
<211> 159 



35 



THIS 



PAGE 



<USPTO) 




HI 1-55326 



<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 6 

CGGAAAGGCC ACTTCTCTAG GTGCCCCAAG CAATACAAGC ATTACTGCAT CAAAGGGAGA 60 
TGCCGCTTCG TGGTGGCCGA GCAGAACCCC TCGACGCCCT CCTGTGTCTG TGATGAAGGC 120 
TACATTGGAG CAAGGTGTGA GAGAGTTGAC TTGTTTTAC 159 
<210> 7 
<211> 144 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 7 

AACAGCGACT CTGAGTGCCC CAAGCAATAC AAGCATTACT GCATCAAAGG GAGATGCCGC 60 
TTCGTGGTGG CCGAGCAGAC GCGCTCCTGT GTCTGTGATG AAGGCTACAT TGGAGCAAGG 120 
TGTGAGAGAG TTGACTTGTT TTAC 144 
<210> 8 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 50 

AGCATATGCG GAAAGGCCAC TTCTCTAGGT 30 
<210> 9 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 9 

CTGGATCCTA GTAAAACAAG TCAACTCTCT 30 
<210> 10 
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<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 10 

GAAATAATTT TGTTTAACTT TAAGAAGGAG 
<210> 11 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 11 

AGGAGGGCGT CGAGGGGTTC TGCTCGGCCA 
<210> 12 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 12 

TGGCCGAGCA GAACCCCTCG ACGCCCTCCT 
<210> 13 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 13 

TCTATGCGCA CCCGTTCTCG GAGCACTGTC 

<220> 

<223> 

<210> 14 

<211> 35 
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<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 14 

TATACATATG AACAGCGACT CTGAGTGCCC 
<210> 15 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 15 

AGAGTCAAGG ATCCCCCAAC CACT 
<210> 16 
<211> 22 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 16 

AGCTGGTCAC TTAGGGCTGG GG 
<210> 17 
<211> 26 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 

<400> 17 

GAATCGATAG AGTCAAGGAT CCCCCA 
<210> 18 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 



CAAGC 35 



24 



22 



26 
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<223> 
<400> 18 

GACTCGAGCT GGTCACTTAG GG 
[0042] 

[Brief Description of the Drawings] 
[Figure 1] A schematic of the 
Reference Example 1. 
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[Problem] To provide a better therapeutic drug for diabetes. 

[Means for solving a problem] Tlie betacellulin mutated molecule 
wherein 1 to 30 amino acid residues from the N terminal of the 
betacellulin may be deleted and 1 to 5 amino acid residues may be 
inserted between 22^ and 23^ amino acid residue from the C terminal, 
the betacellulin mutated molecule having an amino acid sequence 
represented by SEQ ID No: 2 or their salt of the present invention are 
useful for better therapeutic drug for diabetes, since they have intact 
BTC activity and reduced EGF activity. 
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[Document] Drawing 
[Fig.l] 





Construction of hBTCSO expression plasmid pTB1976 



